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i.INTflODUCTION S. seed for --:is Research Solution

A. Statenent of the Problem 71be task of R&D =anagement planning for

high technology syster-s has become more dif ficul t1.

T1he proble= addressed in this revot n The esphasis on coordination and cor_-nica1on b)e-

Dobbins (4,5) is to develop and demonkstrate a method- tveen the manacen-ent of najvr functional elezents of

ology, with its associated computer model, that will high technology systems developnental organiz-a-

acceptably transform several individual iultiplecri- tions, both industrial and caivemental, and the ex-

teri3 rank ordered lists of research and develop- panded usage of goal ard object ive planning meethods

ment (R&D) projects into a single aggregated, priori- have complicated the planning process. Situationis

tized rank ordered list to guide the investment of hawe resulted vl-rre the planners in the R&D elenent

-R&D resources. In addition, provisions are needed receive many diverse priority l ists of sut.gested

for the individual lists to be converted from various future %ork or products from the other functional

formats. Decision-maker and judge self-rating elements (i.e., marketing, field operations. produc-

weighting methodologies are necessary. The method- tion, and senior staffs) and from =anagers witnin the

ology developed most be capable of aggregating, with R&D organization. Thbe prioritization criteria of

reasonable effort, very long individual partial interest to eac); contributing elenent differ as their

length and/or full len-gtn lis-_s. over fifty alter- functions and objectives differ. T11herefore, the indi.

natives should be allowed -in the full length lists. vidual prioritizations will be based to s~extent,

This report describes the caopzter model for the

research.
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upon the objective criteria and viewpoints of each materiel. 7-he TRADOC list gives a rank order n~tor

elea~t. Yhe PLD element manages-e:it must cozbie to each future systen-. 7The DCSOP doe sea-nt. called

these lists into a usable list -1 Prioritized P4&D the' Science and 7Technolocne Guide (S-70G) group-s th:--

projects for their consideration in the allocation otential future materiel s-ystess into unankea c'

of discretionary R.&D funds toward advancing the ability caeoyclasses of use; i-e.,* Air De" nse.,

technology base of the enterprise. Close Combat, Fire Support, etc. Within each capo-
abiit caegr the potential future systeu~s are

As a specific exasple. the director of the US rank ordered. Thbe laboratory directors =ut relate

Army Missle Laboratory has sxch a planning need. each R&D project technology task to the one or :o re

Each year he selects and funds at least 100 R&D tasks potential future xyste=ms to wrhich it cou-d lead-

with over $50 million. The Army policy of Single

Program Elenent Funding (SPEF) qives to the labora- Three headquarters organizations. the Veoa-rt-

tory director the final discretion to establish the nent of Defense (DCO)), th-e Dezartaent of tha Ax=-

mst productive and best balanced program. The (DA), and 1-1e Development and Readiness C=-:ar=

director is provided an abundance of advice fro (DRC(I), as well as the C onressional staff -- I

outside and within his laboratory. The advice is have. on occasion, sent letters to the director

usually in the form of lists of R&D tasks or required recomending funding of cerzain selected tasks or

products to which he should give higher priority and group of tasks withina the director's SPEF rcrn

thereb; funding. To advise the Army Missile Labora- Tni-Service special topic comitte--s prepare, a--d

tory d ;rector. and his counterpart at othwr Army USD often prioritize. l-ists of R&D project taskb whch

laboratories, the user staff agencies of tbe Arwy, they recmmnd for increased fudn.Ar-mY nissile

the Deputy Chief of Staff for Operation LDCSOP) and Rao technology often is included in the Tri-Serv ice

the Training and Doctrine Comand (TRADOC), annually ittee lists. The l3ocal coiander's staff also

prepare documentations containing their priority provides a rank ordered list of sysiems t-- be

rankings of potential, not yet developed military supported by the laboratoryf'3 R&D technology efforts.

I -J



Often the ccnman-er. ivto sezesthe labratorvy =a'!Orztv.' ethiods =---z rt- Ialet t;e.

dre-ctor, h-as a few R4:) tectnologyV projects or poten- wtm-=- tee1acr, 3± rct:oe trlteria
tal anoalications that h-! believes c''='-dbe=-;7. rank ordered ordinal O rzoritxes. From at-Is na-szs,

s-oecial attention and4 reso.±-rces- With=n the Ato-: the researct deterno.ed and 4ie-celared' th-e sre-41fc
Mi~ssile Labo-ratorzy, task pri~jrirv 'an-nzs are pre- o~rt uestdbc oageaetetrat

oared by the director's staff and- b-c sabord-inates of rank =crdered p7ri-oritv laIsts, &s de-scr~zit rro

the directorates an& a" -cers zf t 1 aborato-r. The for R&D oroect oraoratv deteriaana:on. Thecse
laboratoary director 7-ct alloacate =;s discretom-aryW najority lu ethdic ts integad. -y ar ore
fands to the R&D tecnnoloe- r oects t-hat iI zo- cation 10ocic =Od at saris! es the foalown
-ILc-- the =ost return on its ±nvesa~ent bythe Ax-: rrcuzrezents:

and maintain the riabilz-c of the ..boatorv. Hie
=a..ct Sive apprpit aacra rc--a.ad1 Agrecate rank odrdadrda

ooiiticai weight to each of theecenais of sutlists thich have an-Y or all a' the '~it-
his advisors- featur-es:

The precieding statenent of nedand the exam- a) Coccplete leghlists of ucp t-o
pie can be resolved into the need for a sethodolocw 100 alternatares that rank all p.ossi;ble pwm.-ezts or-
for aggregvationr of noltinle criteri an-k ordered reqoirenments for- procdzcts.

priorities.

o) Reducd length lists (dowcn to
C. Scooe of Thsacsarh . alternatiVes) that raz), Iless than the crpler.e

act o-f possible proj2ects o ~urzet.
The research &---c--nte-d byt~s revort and

Dobbins i4.S) is iased Vnon a cnretensbve litera- C) rnstv rank ordered

tore survey on the saub',-c. of wcia± -choice and Sabi is



d) !Qeak ordered andjor strt.,_ly I t~ da'-zat the csafrie
ordered (X > Y and/or- 3L > Y) sunists- =ater iel zroduct frcc =i ~rli be arailaz'e.

e) Catecrized grouping sublists. 2) weictt irac and autben:.-

wlhere omme of the foilucwanc =a-. occur: city of each, scblh4sn urn the acu=e-gat zoo rzxOess-

-'be tvzes of wech-c ecaismms it d

01) The prxojects are smdzliied foliating:.
into categories- Then, wt-neach catecorw-.th

projects are rank d, but the_ categories zavy or =a-. a) Decisio-aker weichtnm =ep-
not be strongly F2m-ked. -4slt to be apoized to s-'Ie aiter-f_ tive and/cr to

*ba suM ints ranked- br certan_ j=dges. Thtechn

(2! The projects are subdivided is wifl include ~~oiaiefcosadepnn
:no aegres. Thus, "e categocries are ranked, tial factors.

but the orojects w;ihin a category ncy or ray no be
stroNgly ranked- b) Jdeself-exper-tise weighting

whIere eabch jde will rate his own exoie c-= eaz
fi tutilescblists ranked in altern-ative.

accordance with a c=k-- criteria or within indiri-
dtial criteria. 3) &-alv2-ticall-V neasore and statist:-

allyv test t"ec- orac of each suM in-s rank order
g! ScalI ins whnere the alternatives a:Nd the consistency of the aggregate rank orer-

are ordinal ranked bass!] upn arz-ous :or- of
cardinal utilities suca as: TZhe logic =odel %as converted in-to a elicitaI

iaz'ster code to perfornm the preceding requirezents

(1) Value estinates. for up to 100D rank oder- Aiterncatives.

4UL~_ ____



- -Zia! :or this ~r~olt rank order ..ac can r

Thi chpte cies sa_. ZScSion of thXe -~axedS prbeof Ri- pro-ect ,rzorztizatxon.
c=utar codeinezetaic of the ordinaa rank;sedo tn rsn 0 100arxdnn~

ore grctcc-1descri:es i DVob-cas f. the nore nracticaz =-_ cc tn*he order o4
pw ~ c cpter coce flructcre is cestcrlnec SO x 200 t5O -icdues wath- = to& -* :tenares

and the _-oroct ata !^rnzat is biefly discuCssed.
Extensi%'.* insrr-tinms and exa - e co==ater PxroblesTh code desicn was 'od" ara*Zed throtzah tne
wetel o0ctMentec6 in detail. u-se of subororrns to f'acilitate Phased development,

ref inerents dna-i=c researc veria! ieat ion, and vl
A-Computer Mode1a D~eenzen_-t 0wrniev dation. The thirteen s=c-oiut-tin progracs waill be

ces~ribed. Since the d-esicn coal of the m~odel was t
Teaeainof mutpecriteria ran-k torn andZ m;_anioglate up to 100 x 100 emeent =-trzces

orderted prioritie model presentedC in Dbins (4) was and to aggregte one ti-sn sts, the zatch proces-
i=Plezented in Extended FWt r, ersion 4. on the sing mode of conputat ton was chosen as thecs
a- cIBER 74- The com-Puter used the !MSI/E executive oractical -

program and has a 4090octal space capacity in its
central nes-ory_ 7the co::--ter facility is located in 5. Coa-poter Xo-cdel Code flescript ion
the Scientific and rE-gineering Divisicn of the VMa-
age-ent Information= Syste= 'i~vision of the US Army ±. Overall Compu---ter Model Steps
missile Co==and (3ICe).dstm-e Arseaal, Alabama.

a.Ze comouter model for this research
The code was denlon-red as ai, experimental pro- requires large compuiter core storage space bit oPer-

gram; tberefoe, achievement of its maximum matrix ates very rapidly since it does not use iterative
size was not a major consideration. The full poten- calculations. Further, th~e model's code design

7
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e~phsiedfexhai: f ocaan ot oos as '.eiscch as the ±a-tr.x scorauc confstsns sxna .r -:
as future ooeratiornai f_'extzi to inout and anc--r- tvoe- Afor the rat-. rvo.aal suan_--t Cantraisa:
gate a wide variety =z S-_ohst Drz-oratv order styles alte-rntive idke.tzfzcations anSte-s -

glenerated frvco =anv :anclz= crzterzma. z-s. reads sin! :st data sitas tthe ravnks ra - -

Me flexibility of the madel -;v~ sses tneevlain als.
wide variety of SUhI st 4-or~ats tftat i-ave been antic- Foun -r.hnte'--~ioram, _ttf~
ipated, such as requ renents I ists, expected ao-ra- tio-a!-'- separate, is th-e conversc-r. 401 t
tional dates, cardin I data, and the desire to sablist aiterrativee to a standiard t9orn.- z S
develon sehoolcyas to pernit explorattnn-P Inldscncso fcras cs atterna::.t1

research in such arezs as fzyset rank orders, pre- to an ordinal ranki-va or tine icowversx. of0a4 -r
zeren-ce scorian2 cans -.ants, and Conoarative aggrega- ized alternatives into s'-n-l -anK oerez I sz-S.
tion nehdlge.The cormparative inethodoio-gies Alternative is e--tasizedz at ttzis ?base terc~
include the Borda, zijusted Boni-c, and the han since the ranzked eZemntca etrkD r-e
preference uzajorityv rule setncs. or product recuirerents.

(a) Flaow Diazraa Xhere alternatives are
the next phase is to trans late tfbs snt sts rc

Figure 1 contains a si~nlif led ordered requirements into traslatzVT So ;sts
n-odel flow diagraz. A cast cao-renenslue nodule is ran-k ordered R&D Projects-

tinput subroutire. This block of the code :nputs

and stores the req irecents-to-projects translation At the co~o1etiwof tbt =Put. crr
euvalency statem-!ntu that are expected to be used and translation phase, allI suiist-S are re-tr %

for a rnumber of ruis. The input also reais and enter the aatrix aggre-ition 144 A St--=4. f- -

assigns the run ar3 subirs control codes far actions transitive rank ordered lists o iDofet

- -A-iItV~r



DATA INPUT

TRANSLATION INDEX
RUN CONTROL

SCORING CONSTANTS
SELF EVALUATION
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ALT ID TOSDATREQUIREMENTS FORM FRFOUENCY
ALT WEIGHTS FRToPOETMATPICES
JUDGE IDTRNLIO
JCONV NR
SE THRESHOLD

SUBLIST RANKS
SUBLIST WEIGHTS CACCOF
SUBLIST SELF-EVAL VALUES OF

.CONCOROANCE

TESTC CEFF
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Figure 1. Simplified model flow diagram.
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Initially in this second phase, the sublists The summed frequency matrix element values,

become sublist frequency matrices scored by the divided by the number of judges, becomes the fuzzy

chosen constants. The same standardized sublists are matrix, R. From R, the model calculates the fuzzy

used to calculate and test the statistical signifi- measures, F(R) and C(R), and the fuzzy rank order.

cance of the coefficient of concordance.

The comparison of the complement paired ele-

If weighting and/or judge self-evaluation are ment values in the summed frequency matrix is the

includeL for the run, the sublist matrix elements are basis for element values in the preference matrix.

next normalized by multiplication by four and then The preference matri:: assigns scores to projects for

weighted. At this phase, the judge self-evaluation the number of majority comparisons they win, tie, or

factors become another multiplicative weight. lose. The sum of the row element values provides the

aggregation count for each project. The model rank

The sublist matrix elements, either all orders this count into the aggregation rank order.

weighted or unweighted, are summed into the summed

frequency matrix which contains the sum of votes, or The preference row counts also provide the

weighted votes, that each alternative received when inputs for the calculation of the number of circular

paired against each other alternative. If there is triads, D, and the coefficient of consistency, zeta.

no judge indifference, the sum of the values in each The mciel tests the statistical significance of zeta.

row element become the Borda count for the row (pro-

ject). With or without judge indifference, the sum Last, the model can compare any chosen combi-

of the row element values minus the sum of the column nations of the final rank orders (Borda, adjusted

element values is the adjusted Borda count. The Borda, fuzzy, or preference) then determine and test

model rank orders these counts into the Borda and the Kendall's coefficient of concordance for these

adjusted Borda rank orders. rank orders.

.i- i
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The appendix contains a more comprehensive alternative data to the standard ordinal rank order

model functional flow diagram which contains major format. INPUT reads the run controls and the sublist

decision logic nodes. controls. It coordinates the calling of subroutine

PRAM which reads sublist ranks, weights, and self-
(b) Subroutine Programs evaluation data. The self-evaluation rating full

scales are converted to 0 to 1 and the specified

The appendix contains the list- sublist conversions JCONV 2 to 12 are performed in

ing with definitions of key terms for the aggregation INPUT. This subroutine applies the self-evaluation

of multiple criteria rank crder priorities computer threshold and checks all subroutines for completion.

code, developed for the dissertation research. The Finally it stores the converted, ui.weighted standard

code structure diagrammed in Figure 2 consists of the form sublists of ranked alternativeE.

main program and thirteen subroutine program modules

as follows: (3) Subroutine PRAM - This is

library subroutine to enter floating point data in

(1) Main Program - DOBBINS - free format form where precise formats are not prac-

The main program coordinates all mainstream proces- tical. In this computer model, PRAM is used to enter

sing of rank orders through the model. It calls sub- the sublist rank data and the self-evaluation data.

routines in the proper sequence for calculations in a

given run based on user and model provided controls (4) Subroutine REQUIRE - This

and data. It writes only the summed frequency matrix subroutine receives converted requirements sublists

and the Borda-type counts and rank orders. from INPUT. It compares each sublist to the transla-

tion index that has been sorted and arranged by re-

(2) Subroutine INPUT - The sub- quirement name. REQUIRE then extracts the projects

routine reads and/or coordinates the input controls that match the requirement in the sublist. A pro-

and data. The subroutine also converts the sublist ject's rank order is built by insertion of the group

12
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Figure 2. Subroutine module network.
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of projects for each requirement. REQUIRE purges (8) Subroutine PREF - This

durlirations from the raw projects rank order. The subroutine forms and writes te preference matrix,

transitive project sublist is returned to INPUT. calculates the number of circular triads, D, and

the coefficient of consistency, zeta, and statisti-

(5) Subroutine FREQ - This cally tests zeta. The subroutine also calculates the I
subroutine coordinates the placement of the sublists bracket and average values for D and zeta when frac-

into sublist frequency matrices and the weighting of tional sums occur in the preference matrix rows. Al!

the frequency matrix elements. It further applies D, zeta, and test results are written by this sub-

the self-evaluation values to the frequency matrix routine. The matrix is formed using the specified

elements and writes the sublist self-evaluation fre- matrix scoring constants.

quency matrix.

(9) Subroutine MDCH - This

(6) Subroutine MATRIX - This subroutine is an International Mathematical and

subroutine forms and writes the sublist frequency Statistical Libraries (IMSL) program which is used

matrix for each sublist. The matrices are formed for the chi-squared probability statistical tests of

using the specified matrix scoring constants. the Kendall coefficient of concordance and the

coefficient of consistency. MDCH automatically

(7) Subroutine WEIGHT - This changes to use the normal distribution approxima-

subroutine applies the specified weighting to each tion, Z, for the high degrees of freedom with the

sublist frequency matrix element and writes the chi-square statistic. (df > 30)

weighted sublist frequency matrix. Before any

weights are applied, WEIGHT multiplies all sublist (10) Subroutine ORDER - This

matrix elements by four. subroutine converts a list of values for a set of

14
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alternatives into an ordinal rank ordered list of the the last pair is evaluated COM-PARE returns to the

alternative identifications. CRDER writes the final main, DOBBINS, and the program terminates.

rank order list.

2. Input to the Computer Model

(11) Subrcutine FUZZY - This

subroutine calculates the fuzzy matrix, the measures (a) Overview

F(R) and C(R), and writes the Fuzzy project scores.

This subroutine coordinates the forming and,writing The inputs to this computer code

of the Fuzzy rank order list. hdve been kepL reldtively simple compdred o Lhe

complexity of the model. Inputs are the run control-

(12) Subroutine CONCOR - This and alternative names, the ranking and rating data

subroutine calculates, statistically tests, and entered in free form.

writes the results of the coefficient of concordance

for the standard sublists. CONCOR also calculates 1b) Option Control

and writes the intermediate concordance variables

such as the mean and the sum of the squares of the Besides the alternative names

deviations from the mean. and numbers, the first set of cards (one card per

alternative) contain the alternative weight factors

(13) Subroutine COMPARE - This and category for that alternative. The second type

subroutine takes the final aggregate rank orders of single control card has integer numerical digits

from the BORDA, ADJUSTED BORDA, PREFERENCE, and, if to designate the type of weighting technique (one

available, FUZZY methods and compares them two at a through eight), whether the sublists should be com-

time. The pairs of aggregated lists are sent to pleted, the type of matrix scoring constants for

CONCOR and evaluated, then return to COMPARE. When both the frequency and preference matrices, the

15
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self-evaluation control for weighting or weighting 3. Output from the Computer .Model

and threshold elimination, and the self-evaluation

scale limit value. The third type control card lone (a) Aggregation Rank Orders

card per judge sublisti identifies the judge, dgsig-

nates the alternative conversion type, and gives the The primary output of the com-

judge weight factors. The appendix specifies input puter model for this research is the aggregated rdn!.

data format in greater detail. ordered list of R&D projects. The Snannon majority

method produces the baseline aggregation rank order

(c) Data list for the model. For comparative purposes, the

model also produces the Borda-type rank orders and

The subli.t ranks and the self- the Fuzzy matrix rank order. To permit run-by-run

evaluation ratings are input -- separate sets of free verification and analysis of each aggregation rank

format cards. For the subl rank set, the sequence order, the model outputs the inputs, th2 sublist

of alternative numbers indi s the preference order matrices (basic, and if appropriate, the weighted

with minus signs used to indiLate equality or indif- and/or self-evaluation matrices! and the sum of the

ference. Each sublist ends with an asterisk. The rows for the summed, Fuzzy, and preference matrices.

sublist self-evaluation ratings are listed on their

cards in an order corresponding to the lexigraphic

order of the alternatives' identification numbers (1,

2, 3, ,etc,).

16



(b) Evaluation Results Th?-e ocher evaluation parameters are Kendall's

numboer of circular triads, D, and the coefficient of
The model further provides the consistency, zeta, which evaluate the cyclicity

results of the evaluation of the input sublists and characteristics of the Shannon aggregation ranx

the aggregation rank orders. It computes, statisti- order- The statisticai tests determine ill the teste-.,
cally tests, and prints the major steps of the Ken- rank order could have occurred by chance. ir stead of
dali coefficient of concordance (7) evalzation of the by a som-ewhat consistent preference m-ethod.

standardized input sublists. The statistical tests

conclude with statements as to whether the inpout rank The appendix contains a program list aid sam-

orders are consistent at the 0.05 and 0.01 signifi- ples of the output from the computer model.

cance levels. Again, for verification and analysis

of each evaluation, the model provides the rank C. Sublist Conversion to Standard Format

array, the alternative suns, means, the sum of the

squared deviations, the tied ranking factor, and the ThMe computer m-odel converts input su~list

coefficient of concordance. rank orders of alternatives from various forms into

the standard form-at for the frequency matrices.

The model also p~rforns up to slx Kendall's Secondly, if the sublist alternatives are product

coefficient of concordance analyses of all two-rank requiremencs, the m-odel translates those sublists

order combinations of the four aggregaticn rank into standard for=- project rank orders.

orders, i.e., Shannon versus Fuzzy, Shannon versus

Borda, adjusted Borda versus Fuzzy, etc. The output 1. Conversion

details are the same as those for the ccefficient of

concorddnce evaluation. for the input sublists. These The mdel subroutine INPUT converts

evaluation data provide a measure of the agreement each sublist alternatives to standard format. The

between the various final aggregations. sublist input control must specify which conversion
17
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method is appropriate for that sublist's rank data- the left end of the list. -n suinary, jCON-V- saYS

The conversion command codes are a-. fcllow~s: that the ilnpnut list s'hould :.u- co-rpleted. and that

is lower ranked than all of --he omitted alternat,.ves.

a, JCO.%Vh or JCO#NV1 - T1hese codes

m-ean the su'l~ist input is in standard complete for= e) 3CO~V5 - This code -eans the

and requires no conversion nor synthetic completion. input sublist is cardinally scored :n soxe fashion

and that the alternatives should be ordinally ran;7-4

b) JCOV2 - This code meant; the in descending order of t~he c~rdinal scores. 1.4.,

sublist imout is in the standard, but incozpl~te, best alternative has highest score.

form and requires no synthetic compietion.

f) JCONV6 - this code means the

C) JCOWV3 - This code means the input sublist is cardinallyv scored in some fashion

sublist inpit is in the standard, but i-ncomplete, and that the alternatives should be ordinally ranked

form and requires completion. For JOWJ3, the input in ascending order of the cardinal scores i~e.,

rank order is moved to the left for insertion of all largest valued alternative has the lowest score.

onitted alternatives at a lover, and equal, rank on

the right end of the List. In stmmary, JCVW3 says g) J3-0!4V-7 - This code ;Deans that

the input list should be con-pletei and that is higher two incom-plete sublists exist which are related by a

ranked than all of the omitted alternatives, single key alternative in the prisary list. For

jCOMl, the secondary list is inserted and ranked

d) JCOKW4 - This code means; the immediattly below the key alternative. After being
sublist input is in the standard, but incomplete, comneo al oe reulrnkdpiaeatr

form n d requires completion. For JCOI1V4, the input tives are purged. In swtnaxy, JCOI*V7, says that the

rank order is moved to the right for insertion of all secondary list is lover ranked than all alternatives

omitted alterni.tives at a higher, and equal, rank on

_ _7
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in the primary list that are above the key stan -dard list- For JCG.-VIO, the upper tier cate-

alternative. cories are unranked, but the I -wer-- tier a*rnatives

are ranked. -he model considers 'e cateqor-s equal

h) JCCSVIB - This code is t.e ad 4-o;aces the hichest alternat- Io= une - :zrrst

reverse of JCO&V7. For JCOWJ8, the secondary list is category eqal to the highest alternative o the

inserted and ranked i-zediateiv abo.e the key alter- second categor.. The next lower rank order level

native in the prin-ary list. i. after bei=g coo- wo.Ad be the second place alternatze fro= one cate-

bined, all lower or equal duplicate alternatives are corv ecual to the second place a'-ate --

purged. In suarv, JCO&v8 says that the secondary another catecorv.

list is hicher ranked than all alternatives in the

primary list that are below the key. k) JC 1I For this two-tier

case, the upper tier c€tegorxes are ranked, but the

i) JCOS-V9 - This code applies to lower tier alternatives are unranked-. Te model con-

combining two-tier inputs into a ningle standard siders the alternatives within each category to be

list. For JCO1V9, bcth the ,_pper tier categories and equal. It places all th alternatives fro= the

the lover tier alternatives are ranked. The mode! highest category first and equal above the equal

places the alternatives, in order, for the highest alternatives fr= the second place category, etc.

category above the alternatives for the second high-

est category above the alternatives for the se-cond i) JCO!IVl2 - For this two-tier

higbest category, etc. cast, neither the upper tier nor the lover tier

alternatives are ranked. -he model places all alter-

j) JCO'Vl - This code again natives as equal in the single sublist.

applies to combining two-tier inputs into a single

19
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2. Translatio-s - Recuirements to The preference matrix is formed from the
Projects paired conparisors of each of the sued fre. ue

-trix element values.
If the input alternatives in the

converted sublists represent product requirements, The project scores are computed from the row,
the todel will translate these requirement lists into and column, if appropriate, s-uns of the elements of
P-.vect lists. A set of translation index equivalen- the sumed frequency matrix and the preference
cies must be separately input into the model. An matrix. The model then places that project with the
equivalencY statement would say, for cxam-le, that highest score highest in the rank order and repeats
Project A is equivalent to Requirement 3, Project D the search for each equal or lower scored project.
is equivalent to Requirement 6, and that Project A is
equivalent to Requirement 6. It would be anticipated E. Ancillary Processes
that the translation index would change infrequently
and could be prepared for input only once for a 1. Weighting
series of aggregation studies.

(a) Decision-Maker Methods
D. Matrix and Rank Order Formation

The model input weighting func-Once the sublist rank orders are in stand- tions are input as a control code and weighting
ardized project alternative fo.rats, the computer factor data codes. The weighting factors are the
model forms each into a sublist frequency matrix that weights applied to each alternative, WHiI, and the
.ni3icates which project is preferred over each other weights applied to each judge, WHJ. If Alternative a
pro4tct by pair comparisons. The summed frequency has a WHI value other than 1, every time Alternative
matrix is the matrix element addition of the sublist a appears in a sublist frequency matrix, it will be
frequency matrices weighted by the factor WHI. If Judge 2 has a WHJ

20
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value other than 1, every other alternative in Judge 5) NWT 4 - The alternative

2's sublist will be weighted by the factor WHJ. If score times four, in the sublist frequency matrix is

Alternative a is in Judge 2's sublist, .t will be taken to the WHI times WHJ exponent.

dual-weighted by WHI and WHJ.
6) NWT =5 - The alternative

The weighting control code, MWT, is input as a score times four, in the sublist frequency matrix is

control integer number, zero to eight. The weight multip, ed 3y the alternative weight, WHI, and is

control codes have the following meaning: taken to the WHJ exponent.

1) NWT = 0 - Apply no weichts. 7) NWT = 6 - The alternative

score times four, in the sublist frequency matrix is

2) NWT = I - The alternative multiplied by the judge weight, WHJ, and is taken to

weight, WHI, is multiplied by the alternative score the WHI exponent.

times four in the sublist frequency matrix.

8) NWT = 7 - The alternative

3) NWT = 2 - The judge weight, weight, WHJ, and the judge weight, WHJ, are added to

WHJ, and the alternative weight, WHJ, are multiplied the alternative score times four, in the sublist fre-

by the alternative score times four in the sublist quency matrix.

frequency matrix.

9) NWT = 8 - The weighted

4) NWT = 3 - The alternative score is the natural logarithm of the product of the

score times four, in the sublist frequency matrix is alternative times four, in the sublist frequency

taken to the WHI exponent.

21
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matrix, the alternative weight, WHIl, and th!± judge vala-e, ±np-zt W.-tt the cg-s:etfatCo ata, 1±S
weight, 'H.th-e neuizmn raze that ta-t j-cdce coenid assin- for

his JSz. r-ae:i- sea'e_ e%.lrovch t!he ISEM wa l-. e
(b) Judge Self-Evaluation Methods -judoc s J2S ratirr's a--e scaled onto, a Zeroit

scale. The scaled !SE ratines are ntn e o
The judge self-evalu tion (JSE) aiter=natire. scar-es neac sutlist feon arx

nethodclogy is implemented as a weighting scheme. as were the =ti 1 -iat ie wegts Tihe *--s
JSE is controlled by the MATR code in the control slet.acosabli sts arze s=-med Into tbe *
card, is follows: freqcoe:=c ==atri at% the nc-greoat io-n cootino-S as f

the szaut wr-_ decisicm-zaker weighted

1) MATh = 0 - No ISE.

abhe axflication of JS rat ins z z:~
2) MATR = I - Th*.- JSE factors dependable sy-nthetic o_71et i=n of sa:z1icts t~-

are ;pplied to all ranked alternatives. No threshold any c~ncei,;4z~e syrnth2etic J4= r-at- '.
is aiplied. method wolProbably result in alues than r

inconsistent wit:- those V--ie o tte vq
3) MATh = 2 - lie JSE factors inats.

are applied to all raniced alternative,.. A threshold
is applied that purges all ranked alt-rnatives with 2- Peeec crn osc
3Sz' ratings belcw the threshold value which is input
af: a THLD value. T0he preference scorri= t~~so

be used 10. U...]1or4!-ltae, 11 for t-v

The JSE ratincs, e~pl ied as aiw real number, and preference matric-es arze desir, tarz !Tt tha-L =-Iw
-ire input for each j'tdge's alternatives by the set of of the control card inputs for vt -& anmCWt.
$umber 3 data cards -ihich are free oruat. The SMl SPTYPI, for the frecuezmor fltz-x sco ,j r tazts,

22
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can have control values of zero or one. NPTYP2, for 4. Evaluation Techniques

the preference matrix constants, can also be zero or

one. These values for NPTYP1 or NPTYP2 mean No controls are necessary to obtain

evaluation of the input rank orders. In each run

0 : [0, 0.5, 1] where the standard project sublists ate complete, the

Kendall's coefficient of concordance computation and

1 :1-1, 0, 11 tests are made. For every run the Kendall's number

of circular triads and the coefficient of consistency

The model applies the NPTYPI and NPTYP2 values in tho are calculated and tested for the Shannon aggregation

frequency and preference matrix subroutines, rank order. The final aggregation rank orders are

comparatively evaluated by the coefficient of con-

3. Fuzzy Set Pank Order cordance method for each combination of final rank

orders that is calculated by the model. The evalua-

No controls are necessary to obtain a tion and test calculation techniques are summarized

razzy rank order and its evaluation. But if the in the remaining paragraphs of this chapter.

standard project sublists are incomplete, or if JSE

and/or weighting are used, the Fuzzy computations are The evaluation methods selected had to accom-

bypassed. The Fuzzy matrix is applicable for this modate the several (n > 3) rank orders being aggre-

xesearch purpose only if the cell values for each x,y gated, and the several aggcegated rank order outputs

plus tne cell values for eac., y,x are equal to one. from the different methods. Three Kendali methods

The Fuzzy set matrix, rank oLder, and evaluation were chosen for the evaluations:

computations were described in Dobbins (4).

23
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a) Kendall's coefficient of cient of concordance is applied in two ways. First,
concordance test the method measures the agreement among the judges'

sublists. Second, the method measures th- agreement
b) Kendall's circular triads between combinations of aggregated rank orders

analysis obtained with different majority rule nethods, i.e.,

8orda, Adjusted Borda, Fuzzy Set, and Shannon. The
c) Kendall's rank order consistency first application provides an indication of the

analysis and test. agreement and divergence of the judges, while the

second application provides a measure of the agree-
The implementation of each into the model will be ment between the final rank orders results, not just
discussed in the next sections. the winning alternative, from different majority rule

methods. The Kendall's W method is limited to sets
(a) Coefficient of Concordance Test of rank orders that have the same length. "Tnerefore,

if partial and complete rank orders are aggregated
1) The Coefficient - Kendall's together, a Kendall's W measurement cannot be calcu-

coefficient of concordance, W, was chosen as a mea- lated unless the incomplete rank orders are syntheti-
sure of the relation among several rankings (n > 3) cally completed.
of alternatives. Arrow (1) says Kendall's statistic
W may be used in the same situation in which Fried- The rationale of the coefficient of concord-
man's two way analysis if variance by ranks test sta- ance, W, is to serve as an index of the divergence of
tistic is availdble. Conover (3) said further that the actual agreement shown in the data from the most
Kendall's W was probably intended as a measure of perfect agreement, Seigel (8).
agreement in rankings rather than as a test statis-
tic. This interpretation of Kendall's W coincidc.s To compute W, first array the rank orders in awith the needs of this research model. The.coeffi- table with M Judges ranks listed in rows and

24
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alternatives in columns. Next, find the sum of the

ranks Rj, in each alternative column. The mean sum
R,, is calculated by summing Rj values for all E (t t)

alternatives and then dividing by the number N, of T 12

different alternatives. Next, the deviation from the

mean IRj - Rij is calculated for each alterna- where Zt,g means to sun the (t3 - t) term for

tive. Next the square of these Rj deviations are each tied group in the judge's sublist. Third, the

summed into an S value. S, therefore, is stated as Ti values are summed into a total for all rank

orders in the problem by

N F R. ]2S = Z [R - M

j=l N Z Tii=l

Tied alternatives in a ranking cause complica- The tied ranking correction and the squared

tions in Kendall's W computations. Excess numbers of sum of deviations, S, are used in the coefficient of

tied ranks in an aggregation tend to depress the concordance, W, equation

value of W. A correction is available, Kendall (7),

to adjust this effect of excessive tied rankings. W S

69 M (N3 N;- M

To correct for tied ranks, first count the il

number of observations, t, in a group, g, of alterna-

tives tied for a given rank level in each judge's where M is the number of judges and N is the number

sublist. Second, the T factor is calculated for each of alternatives. If there are no significant tied

row, i, (judge's sublist) by the equation ranks, W is

25
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If the aggregation model calculated values for-

S exceeds the tabulated critical values for each
SW ) level of significance (0.01 and 0.05), then it is= M (N -N) concluded that agreement is significant.

2) The Test - Kendall (7) For the degree of freedom, v, less than or

developed methods and special small N value prob- equal to 30, which includes N (number of alterna-

ability tables to test the hypothesis Ho; there is tives) greater than seven and less than 31 and M

perfect disagreement between the judges (there is no (number of judges) greater than two, the significance

concordance between judges). The test for Ho  under Oc, is tested by the corrected W, the coeffic-
2varies depending on the value of N (the number of ient of concordance, and the xcal (calculated chi-

alternatives). W varies from zero to one. It will square) where

be one when the ranks assigned by each judge are

exactly the same as those by the other judges. W 2

will be zero when there is maximum disagreement among Xcal = M(N - 1) W

the judges.
2

with the degrees of freedom, v - N - 1. The Xcal
2

For N (number of alternatives) between three value is tested against XCR (,Lritical x2 ), in (7)
and seven inclusive, and M (judges) < 20, the signi- (Appendix Table 8), on page 191 in Kendall (7). The

ficance of cancordance under Ho is tested by the S, 0.01 and 0.05 significance levels of X2R are read

the sum of the squared deviations, test in the model from the P = 0.01 and P = 0.05 columns, respectively.
2 2by using Table 1, which is a combination and exten- If XCAL is greater than xCR, then HO can be

sion of two Kendall tables (7), (Appendix Tables 5 rejected, and it can be concluded that there is

and 6). 26

rr9
eI M-71-

Zia:~-~



7-7- - ~ r t - = = = - - - --- ~ - --

-

4

TABLE 1. SIGNIFICANT POINTS OF S (FOR THE CO3EFFICIE*N-; OF CONCORDANCE W)

Values _ at0.5_evl _figifcac Values at 0.01 Level of Significance

2 7.8 18.5 37 58 97 2 7.9 19 39 68 104

3 18 35 64.4 103.9 157.3 3 19 42 75.6 122.8 185.6

L. 25 49.5 88.4 143.3 217.0 4 31 61.4 109.3 1.76.2 265.0

5 31 62.6 112.3 182.4 276.2 5 41 80.5 142.8 229.4 343.8

6 38 75.7 136. 214 352 6 52 99.5 176.1 282.4 422.6

8 48.1 101.7 183.7 299.0 453.1 8 66.8 137.4 242.7 388.3 579.9

9 54.0 114.8 207.4 337.8 512. 9 75.9 156.4 275.9 441.2 658.4

10 60.0 127.8 231.2 376.7 571.0 10 85.] 175.3 309.1 494.0 737.0

12 71.9 153.8 278.6 454.2 688.6 12 103.5 213.1 375.5 599.7 894.

14 83.8 179.9 326.1 531.7 806.1 14 121.9 250.9 441.9 705.4 105.1.
15 89.8 192.9 349.8 570.5 864.9 1-5 131.0 269.8 475.2 758 . j1129.5
16 95.8 205.9 373.5 609.3 923.7 16 140.2 2813.7 508.4 863.8 1208.

18 107.7 232. 421. 686.8 1041.2 18 158.6 326.4 574.8 9;6.6 j1364.9
20 1.19.7 258.0 468.5 764.4 1158.7 20 177.0 364.2 641.2 1022.2 1521.9 J

Note: !lodif led Kendall's Appendix Table 6 (7)
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significant agreemeht among the judges at the levels ted (0.01 and 0.05). The model for this aggregation
selected (0.01 and 0.05). research selects the type of concordaice statistical

test based upon the values of M and N.
For N between three and seven inclusive, and H

2greater than 20, the model used the same XCAL and (b) Circular Triads Analysis
2

XCR method just described.

Kendall's circular triads anal-
For degree of freedom, v, greater than 30 ysis (7,21) uas chosen as a measure of the acyclicity

(N > 31) and all values of M greater than two, the of the pair majorities in the preference matrix of
significance under Ho is tested by the tie correc- t1,e S4.annon method. In preference matrices of more
ted W, the coefficient of concordance, XCAL shown than three alternatives, it is possible to have the
previously, and the ZCAL value tested against the Z m2jor'ty preferences of three alternatives aligned to
in the normal distribution. First calculate be -Lt :,jlar triads. For example, Kendall presents a

preference matrix example ((21) page 145) which would

have a Shannon majority rule aggregate rank order of
ZCAL = x. - r2- 1 A = C > B = E = F > D. When analyzed internally, it

has five circular trials: ACDA, ABDA, AEDA, AFDA,

and BEFB. Triads are counted because, for example,
with the degrees of freedom, v = N - 1. The ZCAL any circular tetrads must contain two circular
value is tested against Appendix Table A, page 247, triads. Fendall further proved that the maximum pos-
in Seigel (8). PCR values are 0.01 and 0.05 for sible number of circular triads is
the respective significance values. If PCAL is

less than or equal to PCR, then Ho can be rejec- (N3 - N) if N (number of alternatives) is odd
tec!, and it may be concluded that there is signifi- 24Ne
cant agreement among the judges at the levels selec-
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and it is which is the sum of ai for integer valued, no tied

pairs. preference matrices. To resolve this problem,

(N3 4N) if N is even. the model for this research brackets the possible d(2 values if fractional pairs of ai's exist. The

steps of the d bracketing method are:
The minimum number of triads iF zero. He further
proved that the maximum and minimum number of triads Step 1: Arrange the ai row totals in order
can be attained by arrangement of preferences. of their value.

Kendall's equation for d, the number of circular

triads in a preference matrix, consists of the terms Step 2: Count the number of fractional ai
N (number of alternatives) and ai, the sum of the row totals.

rows of the preference matrix. The equation for d is

Step 3: Round the upper one-half of each pair

N (NN of the fractional ai values upward to their nextd = IN (N - 1) (N - 2)- 2ill ai (a. - 1). larger integer values.

The Kendall derivation of d is based on rank Step 4: Round the lwer one-half of each pair
orders without tied pairs (indifference). When a of fractional ai values downward to their next
preference matrix has tied pairs, it causes pairs of smaller integer.

ai terms that have fractions. The fractions are

always one-half, i.e., 1.5, 3.5, 6.5, 7.5. When tied Step 5: Verify that the sum of the rounded
pairs exist, the sum of the ai is not necessarily ails equals 1/2 N (N - 1).

(N\ N () N! _N (N ) Step 6: Calculate a d value for this rounded
2)= 2, N 2 = 21 T- 2! 2 set of ai values. Label this the "lower d* since

29
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it will give the lower value of zeta, the coefficient (c) Coefficient of Consistency

of consistency yet to be described.

Kendall (7) extended the number of circu-

Step 7: Return to the ordered unrounded lar triad analyses to a coefficient of consistency,

ails and round the upper one-half of eacn pair of zeta, which relates the calculated number of circular

the fractional ai values downward to their next triads, d, to the maximum number possible: 1/24

swaller ir..ger values. (N3 - N) if N odd or 1/24 (N3 - 4N) if N is even.

The equation for the coeff.cient of consistency is

Step 8: Round the lower one-half of each pair

of the fractional ai values upward to their next I I - 24d

larger integer values. N-- _ N, if N is odd
zeta =

24d
Step 9: Verify that the sum of the second .-3----_ if N is even.

rounded ai's equals 1/2 N (N - 1).

For no inconsistencies (no circular triads), zeta is

Step 10: Calculate d value for this second unity. As the number of circular triads increases,

rounded set of ai values and label this the Oupper zeta approaches zero.
do.

To test Kendallus coefficient of consistency,

Step 11: Average the lower d and upper d to special tables modified from Svestka (9) and Kendall

form an approximate d for the matrix with the tied (7), x2 tables, and normal distribution Z tables

pairs. will be used. The hypothesis tested is Ho , zeta is
not significant and there is no consistency in the

30
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aggregated rank order. The test for Ho again (. - 1) (. 2)

varies depending on the valae of N (the number of -)=

alternatives). Begin with a calculated zeta.

and

For N (number of alternatives) less than or

equal to nine, use Table 2 which is modified from N. 3! .(N- 1) (-2)

Appendix Table A-3 in Kendall (7) and Svestka (9). - 3)!

For an N value, enter the table with a zeta to obtain 2 2.
a PCAL value. If the PCAL equals or exceeds each The XCAL value is tested against XCR in Appendix

level of significance (0.01 and 0.05), then Ho is Table 8, page 191, in Kendall (7). The 0.05 and 0.01
2

accepted and the rank order is not consistent. If significance levels of xCR are read from the P =2

each level of significance is greater than 7CAL, 0.95 and P = 0.99 columns, respectively. If XCR is
2

HO is rejected and it is concluded the rank order > XCAL, then accept Ho that the rank order is not

is significantly consistent. consistent, but if X p is < XCAL, then reject

Ho and it can be concluded that there is signifi-

For N (number of alternatives) > 10 and < 23, cant consistency among the final rank order.

the significance under 0o is tested by a XCAL

(calculated cbi-sqare) test, where For degrees of freedom, v, greater than 30

(N>23), the significance under Ho is tested using
2

2 8 1 .N - d + 11+ the CAL. shown above, and the zCAL value tested

"CAL -3 against the Z in the normal distribution. First

calculate

where the degrees of freedom, v, are

31
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TABLE 2. PROIRA31LITIES FOR CISECT

COEFFIC!ENT. ZETA, FOR N - 3 7IKOM 9
v zeta is niot significant. if r , a,=ccevt nU. if a > P. reject v 0

0 00-o

0 :.2C 0.10 0.072 ot
0.400 D."9 0.143 j0-853
0.6m0 0.234 0-214 C-7"

0 .800 0-17 0-28 EE55
0.500 0.198

0-572 0-12-1

*-13 0.069

0.71 j:.033
OAS 0.006
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TABLE 2. (CODflrUED)

N 4 N 6

zet Zeta T

0 0.625 0 1L.ODO

0.f00 0.375 0.125 0.773

1.000 0 0.250 0.509

0.375 0.398

0.500 0.208

0.625 0.120

0.750 0.051

0.815 .622

i.000 0.000

33

li __ __ __ _



TABLE 2. (CONTINUED)

N -8N 8

Zeta p Zeta p

0 1.000 0.550 0-063

0.050 0.949 0.600 0.037

0.100 0.859 0.650 0.023

0.15 0.768 0.700 10.011

0.200 0.629 0.750 0.0064

0.250 0.520 0.800 0.0028

0.300 0.390 0.850 0.0013

0.350 0.299 0.900 0.0004

0.400 0.208 0.950 0.0001

0.450 0.153 1.000 0.0000

0.500 04
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N 9 1; 9

zeta p Zeta p

0 1.000 0.533004

0.033 0.9976 0.566 0.030

0.066 0.980 0.600 0.019

0.100 0.945 0.633 0.012

0.133 d.882 0.666 0.007

0.166 0.803 0.700 G.0. 4
,

0.200 0.702 0.733 0.0023

0.233 0.611 0.766 0.013

0.266 0.498 0.800 0.0006

0.300 0.408 0.833 0.0003

0.333 0.320 0.866 0.0001

0.366 0.248 0.900 0.0001

0.400 0.183 0.933 0.0001

0.433 0.138 0.966 0.0001

0 466 0.095 1.000 0.000(

0.500 0.067 J_____
35
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f: - tbe table fcr the ZCAL values. The PCR

vaio-M are 0-01 a.d C.05 for the chosen signifc c
$ l - Is " - p . CAL i PCR, then accept H. and

CO -lue that there is no significant consistenc-y.
M 1N ) 3 2) - 2}

4-2 _-CL > ?CRz then reject H. and conclude that
o - ee is significant consistency . The model selects

frco rrect tes based eZAn the values of N.

conc-l ta hr isnsgintcslis n c. 2 an -a

pa -e 47. in' 'igel (9). ?c;6: ralzes are fo~d

36



4!

-I

I-I. COMPUTER MODEL VERIFICATION AND VALIDATION able problems with known solutions using any of the

four majority rank methods that are built into the

This chapter contains the verification and computer model. Validation of portions of the mcdel

validation of the computer model, including sample options against moderate sized known problems with

numerical validation problems. solutions from the literature was accomplished.

Some of the special features of this model, such

A. Verification as weighting, fuzzy rank orders, and judge self-

evaluation were validated by calculated extensions

1. Model Design and Test from matrix aggregation methods confirmed against

the literature.

Verification that the rank order

aggregation computer model was implemented properly 2. Verification Demonstration

in the computer code was accomplished through the

modular design of the code, unit testing of each sub- The computer model's flexibility was

routine, phased buildup of the computer model with verified and demonstrated through the exercise of

tests after each phase is added, running a series of most of the computation options for a single set of

test pioblems for comparisons of computer model out- complete sublist rank orders, a single set of partial

put with hand calculated results, and a final exer- sublist rank orders, a set of alternative and judge

cise of all options in the program. weights, and a set of self-evaluation ratings. The

data input reflected five judges' (oie through five)

Extensive model validation in the sense of evaluation of seven alternatives (A through G). The

running large aggregation rank ordered priorities judges' rank order sublists for the complete set of

problems was not possible due to the lack of avail- data areas follows:
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JuCge 1: Judge 5:
Alternative Order: Alternative Order:

A>B> C> D> E> F> G Di> C> B> A= E > G > F
Alternative IndeOrder: Alternative Index Order:

1>2>3>4>5>6>7 4>3>2> =5>7>6

Judge 2: The decision-maker weights are as follows:
Alternative Order:

G > B = D > A =C > F > E Judge Weights:
Alternative Index Order: Judge 1: 1

7 > 2 = 4 > 1 = 3 > 6 > 5 Judge 2: 1

Judge 3: 4
Judge 3: Judge 4: 2

Alteriative Order: Judge 5: 1
C> D=E> F=G>A> P

Alternative Index Order: Alternative Weights:
3 > 4 = 5 > 6 =7 > I > 2 Alternative A (1): 2

Alternative B (2): 2
Judge 4: Alternative C (3): 4

Alternative Order: Alternative D (4): 1
A > G > B = F > C = D > E Alternative E (5): 1

Alternative Index Order: Alternative F (6): 4
1 > 7 > 2 6 > 3 4 > 5 Alternative G (7): 1

38
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The judges' self-evaluation ratings for these altern- Judge 2:

atives are listed below. Since the JSE scales differ Alternative Order:

for each judge, the upper limit of each scale, where G > B = D > A > F > E

the rating is units, is also given as the ISEM value: Alternative Index Order:

7>2=4>1>6>5
Judge

Judge 3:

Alternative 1 2 3 4 5 Alternative Order:

A 2 1 4 6 5 E> F= G

B 8 4 2 10 4 Alternative Index Order:

C 4 i 4 10 5 5> 6= 7

D 6 3 3 6 5
E 2 1 4 8 1 All weights are the same for the alternatives for the

F 10 5 4 7 5 complete and incomplete sublists data..

G 8 4 3 5 4

Limit The model options exercised for the complete

(ISEM) 10 5 4 10 5 sublist demonstration problem are the eight decision-
maker weight types (NWT 1 through 8), the two judge

The judges' rank order sublists for the incom- self-evaluation types JSE M = I (without threshold)

plete set of data are listed below. The judges' sub- and JSE M = 2 (with threshold), the matrix scoring

lists for Judges 1, 4, and 5 were complete and were constants (0 for 0, 2/2, i and 1 for -1, 0, 1), and

the same values as for the complete set of data. The combinations thereof. The model outputs compared

incomplete sublists are: consisted of the adjusted Borda rank order, the

39
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Preference rank order, coefficient of consistency and F (6) are weighted heaviest, followed by alter-

data, and coefficient of concordance data for the natives A (1) and B (2), followed by the remaining

adjusted Borda rank order compared to the Preference alternatives. r£his explains how the 3 and 6 alter-

rank order. The consistency data included the nutmber natives move to .higher rank positions in Run C2 as

of circular triads (d), the consistency coefficient compared to Run Cl. Similar logic can explain the

(zeta), yes-no (Y, N) statements as to whether the differences in each run from Cl. The consistency

consistency coefficient was significant at the 5 per- data show that the multiplicative and exponential

cent and 1 percent levels. The results concordance weight types tend to bring the Borda count matrix

data are the mean (M), the square of the deviations aggregation closer in consistency to the majority

(S), the Kendall's concorance values (W), and yes-no preference matrix aggregation order. The model

(Y, N) statements as to whether the adjusted Borda options exercised for the partial sublists demon-

and the Preference aggregation orders are in signiti- stration problem are the same as those for the com-

cant concordance to the 5 percent and 1 percent plete sublists data plus the two sublist completion

levels. Since most runs were weighted or self- options, JCONV 3 and JCONV 4. The model output types

evaluated, Fuzzy comparative rank order data were for the partial lata are the same as for the complete

unavailable. Table 3 presents the results for the data. Table 3 presents these results for the partial

complete sublists. The first line of each table uses sublists. Run-by-run comparative analysis shows that

> and = symbols. After the first line, commas repre- the options are reasonable.

sent the greater than (>) symbols. For this example,

the resulting rank orders vary widely for each model B. Model Validation

parameter option except the changes in scoring con-

stants. For qualitative verification, each run Computer model validation was accom-

should be compared with the basic run (CI). For plished by comparing results of the computer model to

example, Run C2 uses multiplicative alternative results for examples found in the literature. The

weighting (WI). For this example, alternatives C (3) literature often gave only winners for the method

40
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TADLE 3. VERIFICATION D ONSThATION .RESULTS COMPLETE SUBLISTS

I 2 Z ' m-. - ?(:I 3. 1 . 2 . 6. 3,., ,5 0 y Y 8 :0. 5 .. y Y

3 0.0 -a a:-J) 3. 6. 1 2. . 3. C. 1. 6. 2. ;- 7 2a 0.12 Y 8 5 110.2 .0 y y

,6,,2,-, 7.5 3, 1. 2, ,7 0 1 Y 7 5 110 0. y ¥ Y

L 5 yr. 3. 6. ~.7. 5. 1 . 2 3. * . 7 .55 - 7 0.64 1 y % 5

. - 1.(w77 EX.P 172) 3. 6. 4, 5. 7, 1. 2 3. .* a. 6 7. 1. 2 0 1 y ¥ 8 106 0.95 y I

S; M- 1 .) 3. 6. -. 1. 2. 5 3. E. 1. . 65. C I y y a 90 0.50 N %

C " .0O 7 -(' . .;) 3, 1. -. 2. ' 6. 3 3. 1 - 2 * .. 5 - 7. 6 3 0.66 Z K 8 101.2 0 95 T N

c 96,- -:.C( 17(*r71)) 3. 1 . 4 2. . 6, 5 3. 1 * 4, 2. 7. 5 - 6 5 0.64 N h. 8 109 0.99 y y

C10 0.0 JSE (H - 1) 4. 3. 2. 6. 1. 5 4. 3. 1. 7. 2. 6. 5 0 1 T T 8 10N 0.93 Y %

Ci! 0.7 JSE (M - 2) 4. 3. 1, 2. 5. 7. 6 L, 3. 1. 2 - 5 - 7. 6 6 3.71 Y 5 8 106 0.90 Y Y

C12 1.! BA SIC ". 3. 2. 2. 7. S. 6 4. 1. 3. 2. 5 - 7. 6 6.5 0.68 N N 8 105.5 0.98 Y T

.13 1.1 i 10z (H " 1) 3. 4, 7. 1. 7. 5. 6 3. 4, 1, 2 - 5 - 7. 6 1 0.93 T Y 8 102 0.94 • N

C14 1 . JSE (1 * 2) 3. 4. 2. 1. 7. 5. 6 3. 4. 1. 2. 7. S. 6 3.5 0.72 5 Y N 110 0.98 y 0

15 1.1 -3(D 7) 3 6. 1. 2.6. 7, 5 3. 6. 1. 2. 4. 5. 6 0 1 y 0 8 110 0.ss 0 y

lI, 1.1 N.- 4(W'l.Wj)) 3. 6. 7. . S. 1. 2 3, 5. 1. 2 /. 5. 7 2 0.86 Y 0 8 80 0.73 %. 9

017 4 .. BASIC A. 3. 1. 2. 7. S. 6 6, 1. 3, 2. 5 - 7. 6 4.5 0.68 . ); 8 108.5 0.98 y

C16 0.1 jSE (M - L[ 4. 1. 2, 7. 1. 6. 5 4. 3,1 , 2. 6. 5 0 1 0 y 8 156 0.93 T N

Cl 0.1 N7.7 - 3(w W) 3. 6. 1. 2. 4. 7. 5 3. 6. 1. 2. .. 5, 7 0 1 I 0 8 1-0 0.98 • 0

C20 0.1 . - 4( W ( .J)) 3. 6, . 7. 1. 2 3, 6, 2 - -. 5 - 7 2 0.86 y N 84 0.76 9 9

C21 1.0 BASIC 4. 3. 1. 2. 7. . 6 4. 1. 3. 2. 5 - 7. 6 4.5 0.68 x N 8 108.5 0.98 Y y

C22 0.0 JSE (3 * -) 2 N - 3 3. 6. 4. 1. 2. S. 7 3, 6. 1 - 2 - 4, 7. $ 1 0.93 Y Y 8 104 0.96 Y N

C23 0.1 JSE (M - 2) I3.1 - 3 3. 6. A. 1. 2. , 7 3, 6. 1 - 2 - A. 7.5 1 0.93 y y 8 10" 0.96 Y 4

026 0.0 JSE CH - 2) 9.r - 4 3. 6. 4. S. 7. 1, 2 3. 6. A. S. 1. 2 - 7 0 1 T 0 8 107.5 0.97 Y Y
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TABLE 3. VERIFICATION DEMONSTRATION RESU'LTS PARTIAL SUBLISTS

Scrs y PreerAj od PterneConsist ency ResuJlt. Concordance
NO.- Cost Compl Varied Ptank Order Rank Order D Zeta 5. 1Z v. S w sx
p 1 0.0 Partial B.sic I • 2 > A • 3 > 7 , 5 > 6 1 - 2 > 3 - 4 > 5 - 7 > 6 4 0.71 T 8 107.5 0.99 Y y
P 2 0,O NVT - l(WI) 3. 1. 2. 4. 6. 7, 5 1 - 2 - 3, 6. 4, 5., 7 1.5. 0.80 Y a 102 0.9,4 yF 3 0.0 NW - 2(wi-wJ) 1. 3. 2. 6. 4. 7. 5 1. 2. 3 - 6, 4 - 5 - 7 . 0.93 T Y 8 1.5 0.95 Y

P 4. 0.0 N%"r - 3(.WP WI) !3. 6. 1,. 2. A. 7. 5 . 1 " 2, 6. 4. 5. 7 0.5 0.96 • • a 102.5 o.92 Y .

P 5 0,0 mn - 4(EvX(; i-Wj)) 6. 3. 1. 2, 4, 7, 5 1. 6. 2. 3. /, - 5 - 7 1 0.9 3 Y • a 96 0.89 % :
P 6 0,0 Mnr - 5(WI EX w..) 1. 5. 2, 3. 4. 6. 7 1. 2. 3 - 6. 5 - 7, 4, 6 0.57 .% . 8 84 0.76 N. m
P 7 0,0 NIrT - 6(WU ]E(P WIl) 3. 6. 1. 2. 4. 7. 5 3. 1. 2. 6. 4 - 5 - 7 2 0.86 T Y a NO0 0.93 Y N;
P a 0,0 NWT - 7(+WI+Wj) 1. 2. 3. 4. 7. 6. 5 1. 2. 3, /, - 5 - 7. 6 1 0.93 Y y R in? 0.94 • %.I

P 9 0,0 N T - 8 1 &(WI-W J)) 1, 2, 3. 4. 7. 6. 5 1. 2. 3, 4 - 7, 5 - 6 2 0.86 • y a 109 M.9 ¥ yPI0 030 y JC V 3 1. 2. 4 - 7. 3. 5. 6 1. 2, 7, 4. 5. 3 " 6 5.5 0.61 N N 8 106 0.96 • •

Pll 0.0 T JC(HV 4 1 - 3,., . . 7. 5. 6 2 - 3. 1. 4. ., 7. 6 1.5 0.89 • • 8 103.5 o.94 y N
PI2 0.0 JSE (K - 1) 2. 4. 1. 3. 7. 6. 5 2. 4. 1 - 3. 7. 6. 5 0 1 • • a 110.5 1.O i y
P13 0,0 JSE (m4 " 2) 4. 2. 1. 2. 7. 6. 5 2 - 4. 3. 1, 7. 6. 5 2 0.86 Y y a 108.5; 0.98 T •
P14, 1.1 M'Mr - 3(ET; WzI) 3. 6. 1. 2, 4. 7. 5 3. 1 - 2. 6. 4. 5. 7 0.5 0.96 • T 8 102.,' 0.92 Y N;
Fl!; 1.1 Nwrl - 4( (IIJ) 6. 3. 1. 2, 7. 4. 5 1It 2, 6, 3, 4 - 5 - 7 1 0.93 Y T a 90 0.83 .s (
P16 1.1 ULSIC 1. 2. 4. 3, 7. S. 6 1. 2. 3. 4. 5. 7. 6 4 0.71 Y 9 a 107.5 0.99 • I
P17 1.1 T JCC HV 3 1. 2. 4 - 7. 3. . 6 1. 2. 7. 4. 5. 3 - 6 .5$ 0.61 N N 8 106 0.96 y y
pie 0.1 BASIC i1. 2. 4, 3. 7. 5, 6 1 - 2. A - 4, 5 - 7. 6 4 0.71 T xI a 107.5 0.99 y y
P 1 9 0 1 T J C O RN 3 1 .2 . 4 - 7 .3 . 5 .6 , 2 .7 . 4 . 5 .3 - 6 5 . 5; 0 .6 1 N N 8 1 0 6 0 . 9 6 • y
2 0 0 1 M - 3 3 . 6 , 1 .2 . A .7 . 5 3 .1 -2 , 6 . A . 5 .7 0 . 5 0 . 9 6 Y T 8 1 0 2 . 5 0 . 9 2 Y x;

P21 1.0 BA.SIC 1. 2. 4.. 3, 7. 5. 6 1 - 2. 3 - 4, 5 7. 6 4 0.71 T X 8 107.$ 0.99 y y
? 2 2 0 0 y J C 0 V 3 .J S Z 0( H 2 ) . 3 . 6 . 2 . 4 .1 . . 7 2 -3 .1 .4 - 6 .7 . 5 3 0 .7 9 Y Nl 8 9 3 0 .8 6 N xN'Vr - 3
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TABLE 3. (CONCLUDED)

consistency Results Concordanck
Rum Score SyD Parameter Adj Borda Preference
No. Const Conpi. Varied Rank Order Rank order D Zeta 52 1% H S w 52 i%

P23 011 Y JCOXV 3, JSE (H -2), 3 >6 >2 '4 > I > 5 7 2 3 > I> 4-6 > 7 >5 3 0.79 Y N 8 95 0.86 N N

P24 0,0 Y .ICONV 4, JSE (M - 2), 6, 3, 1, 2, 7, 4, 5 1 -3, 2 - 6. 7, 4, 5 2 0.86 T Y 8 101 0.92 Y N

P25 0.1 Y JCOWI 4, JSE (M - 2) 6, 3, 1. 2, 7, 4, 5 1 -3. 2 - 6. 7, 4, 5 2 0.86 Y Y 8 101 0.92 Y N
4w -I
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employed. The validation was divided into areas -f concordance results for the sublists and for selecte.

method emphasis in the literature examples as fol- pairs of final aggregation results.

lows: Borda and adjusted Borda; Borda, Condorcet,

and Black; Borda, Condorcet, Black and Copeland; Fcr Case I of Table 4, Richelson presented X

Copleland; Shannon preference and others; and special as the Borda winner which is in agreement with both

purpose examples to validate other model areas such computed Borda orders. 'Majority" in Case 6 means

as tied data and evaluation tests. Each case in the alternative which has the most 'majority" victor-

Tables 4 through 9 preserts the literature example, :Is. In the model, "majority" would correspond to

its published results, the comparable results from the PREF order or the Copeland order if different

the computer model, and additional model results. matrix scoring constants are considered. Again, in

Cases 3, 4, and 6, the computer results correspond to

All six tables have the same format. The the literature example. In Cases 2, 5, and 7 througir

left halZ of each table page is quoted from the 11, the literature examples give the Borda and in

literature. First the reference identification is some cases, the adjusted Borda counts. For Cases 2,

listed, then the exarple rjblist rank orders are 5, 7, and 11, where there are no ties in the sublist

shown. Last, key aswers from the literature are ranks, the computer data fully agrees with the liter-

given. The right half of each table page contains ature examples. But in Cases 8, 9, and 10, where

results from aggregating the literature example sub- there are ties (indifference) in the sublist ranks,
lists in the computer model. The upper left portion the computed adjusted Borda rank order counts agree
of the computer model side of the page contains the with the literature, but the Borda counts do not
various final rank orders as computed. The upper match. Black (BK-Bl) said that the purpose of the
right portion of the model side of the page contains alternate Borda count method was to correct problems
the results of the coefficient of consistency test- in the Borda count method when ties exist. Black's
ing of the preference matrix. The lower portion of Borda method assigns to a tied alternative the score

the model side of the page contains coefficient of of the average tied position while the Borda count

44



TABLE 4. MODEL VALIDATION dhlTL±

Borda and Adjusted Borda

Literature Model Ro-snlts

Case 1 Ref: Richelson (30) p. 42 Aggregation Orders Consiszcncy

Qty Sublist Orders Borda: N > y > Z D -0

1 X y ZAdJ. Borda: x> y >z zeta -

2 X X yPref: y .X> Zcons: Yes

4 y>X ZFuzzy: y>z li12Cons: Yes

Answer: Borda* X ______________

Sublists Borda/Fref

Mesn: 14 A

SSsq.. 38 6

Coetf V: 0.388 O.-5

52 Conc: so NO

12 one: so so

45
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TABIE :. (CONT! UED)

Case 2 Re.: slack (2) . .. 5

qt~y Scb-1st O~drs
ora Co=: A, - 55. A2 6 6.

3 Ai %Al A5, A7

2 A- A 
P > .. 
> 

AA:

A4 A A 5 A 3  A,

Bel 3 cnU~~o6: A, A, et

A~suwer 1.onea Co=: 'At A 1. C~s: Yes

I i! -" A

ii.,.,.A, 5s,, -A2 6. A3 72. |

* 'i i I±s f'i L

C~f : 0.072 0.65

5:Cc=:~ ric so

7 - : -- iii



TABLrE 4. (CONTINU.ED)

Bords and Adjusted Sorda

Case 3 Ref: Mozon (23) p. 241 j Aggregation Orders Consistency

Qtv Ssblist Orders I orda: C 42:2 : L C aD-2
0 -

1C C3 >f C4 -C 'C -C2'Fe: 5ZCons: No
21 2 > 3 - 4

1 : 4> , >C >C3Fuzzy: C1 C2 - C3 C4 1%Cons: No

1 C> C3 > 3 Concordance

Borda/ Borda/ Pref I
1nwr 2ods >3 C Sublists Pref Fuzzy Fuzzy

Answer Bord:l > C2 > C3___
man:- 12.5 5 5 5

Sam Sq: 5 17 14 U1

Coeff W: 0.040 0.944 0.875 0.786

51 Cone: NO No No S

1Cc-- NO NO so N
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TABLE 4. (CONTINUED)

I ______________________________Borda and Adjusted Borda
Case 4 Ref: Richelson (28) p.33 Aggregation '9rders Cons~.ntency

Qty Sublist Orders Borda: X >B >Y >A D - .5

1 X >Y >B >A ,Adj Borda: X> B> Y >A zeta - .75

lp B >X >Y >A ?ref: X >B >Y >A 5% Cons: No

Copeland: X > B >Y >A

Aswers: Borda - Copeland Fzy X - B 5 'i A 1Z Cons: No
uDodgson -Black =X______________________________

Concordance

Borda/ Borda/ j ref/
Sublists Pref Fuzzy Fuzzy

Mean: 5 5 55

Sum Sq: 14 20 17 17

Coeff W: 0.70 1.0 0.544 0.944

5Z Conc: No Yes NO No

it Cone: No Yes N No

48
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F Casc 5 Ref: itidelsc= 3i p !3

;k A' A> A 2  Z-t --

>1 >~ >A. AL~

9 ,tjI At .,: > A Z C = &

Ansuv.-: borda Coun~t;
A -- A, -3,

3 - 29

Qii :Z-
i~'I _ _ _ _ _ TO
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TABLE 4. (CONTINUED)

Case 7 Ref: Black (2) p.63 Aggregation Orders Consistency

Qty Sublist orders Borda Count: A, . 45, A2- 56, 1) - 0

2 A3 >A 2 >Al > A4  A 3 - 2,A 4 -45

5 A 2 > A >A > A Adj Bord4 Count: A1  -9. A, - 13, zeta - 1.0

11 A, >A 2> A 3> A 4A
3 =5, A4 .- 9

15 A 4 > A 3 > A 2 > A1I Borda =Adj Borda: A 2 > A 5% Cons: Yes

Answer: Borda Count: Pref: A, > A2 > A., > A 1% Cons: Yes
A1.45, A

A 3 - 52, A 4 - 45

Adj Borda Count: Concordance
A 1  --9, A 2 -13, 1 Suhlits Borda/Pref

A3 5, A 4  -9

Mean: 10 5

Sum Sq: 14 16.5

C~eff. W: 0.175 0.868

5% Conc: No No

1% conc: No No

-51



TABLE 4. (CONTINUED)

Case 8 Ref: Black (2) p. 63 Aggregation Orderb Consistency

Qty Subliat Orders Borda Cou±nt: A, . 53.5, D -0

5 A 2> A > A IA 2-14.5

6 A1  A0 > A2  A 0 -52

0 1O>A 2 Adj Borda Count: A, - 27, zeta -1

20 A1 > A0 > A2  A 2 - -51,

A 24

Answ~ers: Borda Count:
A, .46,A 2 -10, AO 49 Borda -A61 zBorda: A, > A 3> A 3 52 Cons: Yes

AdJ Borda Count: Pref: A, >A 0 > A3  1% Cons: Yes;

-. 2 7 , A -5 1 , A 2 4 
1 o c r a c

*Sublists Borda/Pref

Mean: 8 4

Sum Sq: 4.5 8

Cooff. W: 0.161 1.0

5% Ccnc: No Yes

lZ1 Conc: No Yes

52
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TABLE ., (CONTINUED)

Case 9 Ref: Black (2) p. 64 Aggregation Jrders Consistency

Qty Sublis. Oidere BordvCo'.nt: A1 . 21, D - 0II

4 A3 - A2 > A1  i A, = 16,

6 A3 > A I A2  A3 - 20

9 A, > A2 > A3  Adj Borda Count: A 1  4, zeta -1.0

A -

Answer.: Borda Count: A 2
A1 . 18, A2 - 13, A3 -20

Borda - Adj Borda: A, > A3 5 A2  5% Cons: Yes
A.o 4, A2  -6, A3 i2 Pref: A3 > A1 > A2  1% Cons: Yes

Concerdance

*Sublhsts Borda/Pref

mean: 6 4

Sl-a Sq: 1.5 6

Coeff W: 0.088 0.75

5% Conc; No No

1% Conc: No No

53
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TABLE 4. (CONTINUED)

Case 10 Ref: Black (2) p. 65 Ii Aggre~ation Ciders Cor..is:ency

Qty Sublist Orders Borda Count: A 1 225, D -2

12 .A3 ,A A.-iA
4 " 4 lI A2 - 233

25 A IA 3 -A 4 'A 2  A ~-201,

45 A4 >A 2 >A 3 >A 4  A4  190.5

60 A1 .A2 
> 
A3 > A4  Ad4 Borda Count: A1  24, A2  45, zeta = 0

Answers: Borda Cont: 
A 3 - -24, A4  -45

A1 = 19 5 , A2  177,A 5% C n : N
1, 2  Bord = Adi Borda: A2 > A1 > A3 > A4  5% Cons: No

A3 - 166, A4  172 Pref: "A 2 >A 3 - A4  I Cons: No

Adj Borda Count:
A- = 24, A2  45, Concordance

A3 - -24, A4 - -45 *Sublists Borda/?ref

Mean: 5 5
Ii I

Sum Sq: 20 17

Coeff W: 1.0 0.944

5% Conc: Yes 2110

1% Conc: Yes No
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TABLE 4. (CONTINUED)

Case 11 Ref: Black (2) p. 158 Aggregation Orders Consistency

Qty Sublist Orders
BordaCount: A -16, D 0

1 A >B >C B - 21,

6 C >B >A C - 26

7 A >C >B Borda-Adj orda: C >B >A zetai

7 B >C >A Pref: C >B >A 5% Cons: Yes

1% Cons: Yes

Answers: Borda Count:
A -16, B -21, C -26

Concordance

*Sublists Borda/Pref

Mean: 8 4

Sum Sq: 0 8

Coeff W: 0 1.0

5% Conc: NO Yes

1% Conc: No Yes

jo55 12 W
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Borda D >~ A - I

I r f: .. > .. .. ... .. . .. . . a -.. . 5

IW

TABLE 4. (CONTINUED)

Case 12 pef- Pattandik (27) p. 170 1 Aggregation Orders Consistency]

Qty Sublist Orders

•Barda: DO>A*',B -C D -1
1 A >D>B >C

Pref: D >A-B -C zeta- 0.5
i C >D>A >B

Fuzzy: D > A - B - C 52 Cons: No
1 B>D>C>A

-% Cons: No

Answer: Choice: D

Concordance

Sublists

Mean: 7.5

Sum Sq: 3

Coeff W: 0.067

5% Conc: No

12 Conc: No
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TABLE 4. (CONTINUED)

Case 13 Ref: Pattunaik (27) p. 159 Aggregation Orders Consisten-y

Qty Sublist Orders

1 A -C >EB-D Borda: A-B -C aD D -2

1 B >A> D >C Pre': A -B-C -D zeta-

1 D>C> B >A Fuzzy: A -B -C -D 52ZCons: "c

12 Cons: No

Answer: *
Concordance

)Sean:Sublist s

Sum Sq: 0

Coeff W: 0

5Z Comnc:N

2 Cone:- No

57



TABLE 4. (CONTINUED)

Case 14 Ref: Black (15) p. 14 Aggregation Orders consisrencv

Qty Sublist Orders ~Aj Borda Count: A =2, B -8 D -0

3 B >C >A C 6

3 C >A >B Borda -Adj Borda: C >A >B zetai

4 A >C >B Pref: C >A >B 52 Cons: Yes

Answer: Adi Borda Counit: Fuzzy: C > A > B 1% Cons: Yes
A =2, B -- 8, C -6

Concordance

Sublists

Mean: 2.0

Su= Sq: 26

Coeff W:. 0.13

5Z Conc: NO

il Conc: NO
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TABLE '.(COMNIUED)

E Case 15 Ref: Black (15) p. 14. Aggregationl Orders Consistencv

Qty Sublist Orders Adj Doda Co.:t: A B4, -2, -
3 B >C >AC 6

3 C > C -6
3 C>Ba dj Boda C > >A zetai

4 A1.
?rei: C> B >A -;ZCons: Yes

Answer: Adj Borda Cont: Fuzzy: C >A : 3

A-4,3-2 C-6 ccrdance

'lean:20

Sus Sq: '

Coeff 1U: 0.087

1Z Conc: N
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.ABLE 4. (CO JZ-hED'-

Case 16 Ref; Richejson (30) p. 42 AricSatin~ orders rcosistei~c:

Qy Subl;st Orders i
2 i Brda-AdJ Borce: x > z D 02 II 

z 

>-y

x > v > 5Z Cons: Yes

It Cons: Yes

Azmsuzr: Borda- x~

I ICo--cord-ce

Aeau: 14

I II ff W: 0.06i .2

I 2 I S -S: 092
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:ABLE 5. %(IOEL VALIDATZO I-IM V IT1iTUz I

Bore--, Condorcet. x.!. Be1ck

Case 1 Ref: 74i5tu-. !7) p. 5.OAggregation Orders Consistency

Qv Sdbiist orders

x xy> A> B >C :;Crda: y > x > BC

Ccondorcet: x zeta I
S v > A > C B3 xPr: yA C SZo:Ys

I refz: > y >C>AB 1C5%Cons: Yes

I r>3A~x>CConcordance

,..s-ers: Borda-: ISublists

Cor.dorc-et: x y eaz:

SunSq: 62

Coeff W: 0.21.8

5Z Cone: N

1% Co2c: S
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TABL 5. (COr -E

BodCndrean lc

1~~ --

fodrct Boda Codr~t D~ l

f Q v .; Scbsordes xvd31 ~ y>,-yz

A~~sversa Scores: Fzz : x y z I: 5Cons: ~c

ConiConcordance

12 CA12,No8N

I 62

AL-d/Pe



1---- =- ,re an-lc

Boda A - -

Borda: Acre Bn i~

Qtyulit SulicOrer;

2~~~of w> > ICnO7. 3,et -

5Z c=

fl Lr f ~ ' % o s e

* 1
js~~.x: 3ed:I

JI Fu~: B A>C Con: Ye

ANA-



Cas 4 .e-Cla.(1 P 5Agea~

Batz

3 1 > C 1
TAL 5A (crnr

I A B>A c

3 >>> =L Qms 5Tfc es

1~S A3'C Ules:

I~~~ae No:Th~ - -

cc-=:____________________________
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TABT.F 5 (CONTINUED)

Bord. , Condo~cet, and Black

Case Ref: Riches ,31) p. 174 [ Aggrcgation Orders Consiftcqcy

Qty Sublist )rd,,rs Borda - hlack: x y > A 2  D - 3

S y > , A, > A2 > A3 y A4  > A 3  A4

> x > A3  A4 > A2 > AI Condorcet: ; (strong

1 A, >A A > X A ref: xA > y A A2  zeta 0.625
1 3 

13>A A

I X > A, > A, > A3  A4 > Y3

FZzy: y > A, - A2 - A3  5% Cons: No

Answers: Borda - Black: x x > A4

Condorcet: € (strong)
B~rda Scores: x 14, y - 12, '1 Cons: No

Borda Scores:
x 14, y 12, A I  A2  11, A, -A 2  i,

A3  9, A4  3 A3 -9, A 4 3

C-icordance

Sublis~s

Mean 14

Sum Sq: 72

Coeff W: 0.257

57, Cone: No
It Cone: No
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4a.

TABLE 5. (CONTIM)FJD)

Case 6 Ref: Richelson (31) p. 174 Aggregation Orders Conisistency

Qty Sublist Orders Borda: x > y > A,1 > A.. > A3 > A4  D -0

1 y>x>A>A4 >A2 1 A Condorcet: y (strong) zeta 1

A>A, > ~A >y>x>APref: y>x > A> >A 'A 5% Cons: Yes

1 3' 4A >A AA > uz: yxA 2 3 >4
x>A2 >A1 >A3 >A4 >yFz: y>x>A,.A2 .A 3'>A 4 1%Cons: Yes

3 Concordance

1 2 > 3 > 4 Sublists

Answers: Condorcer: y (strong) Mean 17.5

Sum Sq: 153.5

Coeff W: 0.351

5% Conc: No

1% Conc: No
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TABLE 5. (CONTINTUED)

Case 7 Ref: Fishburn (17) p. 540 Aggregation Orders Consistency

Qty SubliSt Orders

Borda: A -B >C D -0

1 A>C >B Pref: B> A >C zeta1

2 B > A > C Condorcet: B 5% Cons: Yes

Answers: Borda: A~ B Fuzzy: B > A > C 1% Cons: Yes

Condorcet: B

Concordancr

Sublists Borda/Pref

Mean: 6 4

Sum Sq: 6 6,5

Coeff W: 0.33 0.929

5% Cone: No No

1% Cone: No No
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TAL 5. (CONTINUED

Qty~' Subi Ores-jBraCut: A 8 ,C -

f~ ~~ ~ ~~rf Cas 8 Bef Blc (15 p51%grgaiOdr Cons:es

3 C >A >B

4 ABCCondorcet: A

Answers: Adj Borda. Count: Fuzzy: A > B - C 1% Cons: Yes

A - 8, B - 0, C =-8
Concordance

Condorcet: Ar

I I Sublists
Mean: [ 20

Sum Sq: 32

Coeff W: 0.16

5% Cone: No

1% Cone: No
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TABLE- 5. (CONTINUED)

Case 9 Ref: Richelson (28) p. 335 Aggregation Orders Consistenlcy

Qty ** Sublist Orders Borda - Adj Borda: B > x C > A D0 0

49 C >B >A > x Condorcet: x zeta 1

50 x >B >A >C Black; x

Answer: Black: x Pref: x > B > A > C 5% Cons: Yes

Borda: B Fuzzy: x > B - C > A 1% Cons: -,es

Condorcer: x Concordance

Sublists

Mean: 242.5

Sum Sq: I4745
Coeff W: 0.101

5% Conc: Yes

_______________________________________ _____________________________Yes_____

**Literature Problem Quantities of 50 and 51 respectively were reduced
one each, without loss of generalization, to permit model computation.
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TABLE 5. (CONcLUDED)

Case 10 Ref: Richelson (28) p. 335 Aggregation Orders Consistency

Qty Sublist Orders Bards - AdJ Borda: A -B - C - X D - 2

I 1 B >X >C >A Pref: A -B -C -X zetaO-

1 B >A> C >x Fuzzy: A-B -C -X 5% Cons: No

1 C > >B >A Condorcet: A12 Cons: No

1 x >B >A >C Black :Borda

2 A >C> x >B Concordance

Answers: Borda -Black; Sublists
A =B -C x

Mean: 1.5

Sum Sq: 0

Coeff W: 0

52 Cone: No

1% Cone- NO

70
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TABLE 6. M.ODEL. VALIDATION WI' LIT-AT'RE III

Borda, Condorcet, Black, and Copeland

Case 1 Ref: Fishburn (17) p. 54 Aggregation Orders Consistency
Qty Sulist Orders i 3
y __ _ __ _ ___Orders Borda - Adj Norda: x > T y > z >W D - 3.5

1 y> > W > T > x Condorcet: y zeta - 0.3

1 T > Z> y> xref: x y > >T z > W 5 Cons:

yx z >Tzy: y X > W l", Cons: No

2 x >T> W >z >y ..opeland: x >y z >W

Answers: Borda = Adj Borda: C co c-- '- i Concord-a: ceI

Condorcet: y I Borda/ 1
i Sublists Pref , Fu...zzy

Copeland: x ean: 18 6.1 6 . 0 ,

S=- Sq: 16 38.5 27.5
I I

I Ir.0eff W: Od'44 0-987 0.786

5% SConc: no Yeo
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r ~ocet. 31zc. =d Cc;ea'4 {
Carm 2 Ref- ic!-Is.- (28 p. 3- i Al8sZccO-e

Sx Ls >i yo~~ >1 A '3-C

1 > 'A C -t- x~-~ -1 . ~: t
x 7 3 'C ? -y:x>3'C> s : Tes

I Cxy'3'>'A I 2

1ztrm lckXT> ' 1
jocpe'- It'A 3

A1 0'.' x e I. -2.I~ C~s 3-2

Ir 2

I A~SI~rs 3lac -Copt-: x I
3ata

6 2



3orda. Cmdorcct 31lack. a--d, Cp3nd

Case 3 Ref: Fi*hbArz (17) p542 AeaZ C-.cers

Qty SublIist Orders ~d~.k ? ~ 3 C

1 v>X>A > > D >C C---dorcet: Zet 0.25

1L C >D >> B3> A >x ?ref!: x A ~3 C > D3- , N

1 >C>: Copeland: x A> >3=C >~ D 11 CS: No

Aaswers: Borda - lack Coea--: x Fz: x =AY 3 C D

Condorcet:

10.5

S= Sq: 5-5 A65

c~eff ~:0-035

52A COMC: NO Yes

1! .c: no No
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Borda, Comndorcet. Bl3ack, and Co-aeland

Case I. Ref: Richeison (30) p. 43 A&:,eSatI*= Orders Consistency

Qr Sublist orders od: zvx WD

1 Con=dorcet: zeta -0

'. XFre f z-v Vx 52 Cons: %o

a z y-> ~12 Cons: 21

Ansiiers: Sorda =Copeland: z -y Copeland: z w

Concordance

B orda 1 3ordai Borda/ Pref I
St.Oiists Pref r______ Copeland Fuzzy

sa:7.5 1

S=-So: 5 17 14. 17 11

Oof .1 .94 1 0.875 .94 0.7S6

5%U Co=:: no NO

1Z Conc: No NO NO N
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TABLE 6. (CO-INUED)

Case 5 Ref: Fish ur -(1ST p. 85 a A gea: fc C "e:.

$of___- Slack: B > A > C - D D -

i "" >D X, > C B $ x, > x> x" x5 -x •x>x,>,>
3 > 5 , > X, > x 5 .> x3

1 B x 5  . A x > C ? 'e C > B A - 3- 8 > ! .a6 6 7

1 C > x. A x > x ; x 3  > 
>

Ansurs: Borda - Slack: 3 Copelan-: C > B - A , x: > x I  5t cons: Yes

Co-clan.: C > x, i Cons: Yes

Scores: (All scores ar- the saze)

A B C D

BOrda j16 IT 15 15 10 15 5 7 Z

Copela"d 4 4 6 4 -2 2 -8 -4 -6

Slb' j Borda/ f Borda/

ISub!"!sts . Ad; Z.'rda Pref

mean: 1 15 1 10 10

Sq: -62 232
ff : 0.922

5% Conc. No Yes No

1% Conc: I No No

75
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Case 6 Ae: ihbun 1) -zdr C=-ss:ec

Qty__ ___ __ __ ___ __ __ Orer s-- -c: x:'. i.A-3:0.

2 x > A >3 > C zt -.-,

3 B > C> r> A 3 d SOa ~x A 3 o-%

Ansvers: Adj 3ards: -f M- icea:

3iack: . i F

Copelaxd7 Cce.--,x>

3Ia:127 6

S= SSq: 34 30

~i 5: C--C: No

7
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TABLE 7. MODEL VALIDATION WITH LITERATURE -IV

I________________ cpeland
f"se I Ref: Richelson (28) v. 335 Aggregation Orders Co=Sistemcy

B orda: X a y >Z>A D-O

Pre!; x-v>z>Azt

Fuzzy: x -y > -A S'_Ccs: Yes
2 x >y> z A

Axe:Cpln:xCopeland: x -y >z >A 11 cs: Yes

Mawr: Copesnd:x -,Coccordemce

mean. U'le C
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TABLE 7. (CONTINUED)

Copeland

Case 3 Ref: Richelson (31) p. 174 Aggre.ga.'ion Orders Consistency

Qty Sublist Orders

2 y>x>A > A Borda: x > y > A, - A2  A3  D - 3.5
2 Pref: x > y > A, A 2 2 A3  zeta - 0.30
1 A3  A2  A1 >yz y > x A> . A A2 - 5% Cons: No

3  2  1 Coeland: x > y > A, .A2  -A3  1% Cons: No

Answer: Copeland: x

Concordance

Sublists

Mean: 12

Sum Sq: 8

Coeff W: 0.05

5% Conc: No

I% Conc: No

79
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I TABLE 7. (CONTINUED)

I, Copeland

Case 4 Ref: Richelon (31) p. 174 Agreg, ion Orders Consistency

€Qty Sublist orders Borda: 1  2  3  D - 0

3 1 • 2 • 3 Pref: y > x > A 1 > A 2 > A 3 ze . -

3 2 1Fuzzy: y > x > A, -M A2 " A- 5% Cons: Yes
1 x > A > A2  > Aj > y3 2Copeland: y > x > A, > A, > A3  1% Cons: Yes

Answer: Copeland: y

,.LE7. (cNT ,ED

Concordance
Borda/ Pref/ ! Borda/Sublasts Pref Fuzzy Copeland

Mesn: 15 6 6 6

Sum Sq: 34 38 34 38

Coeff W: 0.136 0.95 0.944 0.91,
5% Cone: No Yes No Yes

1e Coner No No No CO
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TABLE 7. (CONTINUED)

Ccpeland

Case 5 Ref: Richelson (31) p. 173 Aggregation Orders Conslstency

Qty Sub1fsr Orders
Borda: v , x > z W T D - 3.5

1 x>y> T>W>Z

1 x > y > z > W > T Pref: y > x > z W - T zeta 0.30

1 y w > z > T > X Fuzzy: x > y z =W T 5% Cons: No

1 T> z>W>x y

Copeland: y > x > z - W T 1% Cons: No

kiswer: Copeland: y

Concordance

Borda/ Borda/
Pref Copeland

Mean: 12 6 6

Sum Sq: 8 32 32

Coeff W: 0.05 1.0 1.0

52 Cov.c No No No

12 Conc: No No No
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TABLE (CONCLUDED)

Copeland

Case 6 Ref: Richelson (28) p. 335 AgrgtonOdr Consistency

Qty Sublist Orders
Bardsa- Aj Borda: x-y >A-B D -0

Fref: x y> A ,B zeta-i1

Fuzzy: x y> A B 5% Cons: Yes
1 > x >A> B

Copeland: x y > A 3B 12 Cons: Yes
1 Y> x>B >A

An'swers: Copeland: x: y oncordance

Sublists

Miean: 10

Sum Sq: 6

Coeff W: 0.80

52 Conc: Yes

1% Conc: Yesj

b27



TABLE 8. MODE! VALIDATION WITH LITERATURE -V

Shannon Preference and Others

Case 1 Ref: Shannon (32) p. xviii IIAggregation Orders Ccnsistencv

Qty Sublist Orders Borda: A >B > C> E >D D -0

1 * A C> B >E >D Pref: A> B >C >E >D zeta -1.0

1 B>A >C >E >D Fuzzy: A >B >C- D -E 5% Cons: Yes

1 > B >C >D >E 1-7 Cons: Yes

Answers: Borda: A >B >C >E >D

Pref: A > j> C> E >D Concordance

Coeff H 0.84 SbissBorda/ Pref/

52 Conc. Yes SulssPref Fuzzy

Mean: 9 6 6

Sum Sq: 76 40 34

Coeff W: 0.844 1.0 0.944

52 Cone: Yes Yes N

1% Cone. Yes Yes No

83
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TABLE 8. (CONTIWNED)

[o Shannon Preference and Others

Case 2 Ref: Shannon (32) p. xvii Aggregation Orders Consistency

Qty Sublist Orders B > C > E > D > F > H> D 0.50

Borda:
1 A>C E>B>D> G>F> I>H>J G> I>J

1 B>C>A>D=E>H>F-'>G>I Prefix: B>A>C>E>D>F>H> zeta 0.978

1 B>A>C>DIE-F>H>I>G -lJ G>I>J

Y.Urzy: > A - C> - D - = F-H '7 Cons: Yes

Ansuers: Borda: A-B> C >E >D >F> >G >I > J-=I - J 1Cots: Yes

Pref: B > A'> C > E > D > F > H > G > I > J
ConcordanceCoeff V - 0.90 T

I Borda/ Pref/
X cal - 24.30 sub1 sts Pref Fuzzy

52 Coc: Yes 'ean: I16.5 11

Sum Sq: 629.5 328.5 244.5

Coeff W: 0.862 0.036 0.064

x2 w 23.3 17.9 16.1

5Z Conc: e s Yes No

1 con: j Yes No No
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TABL S. (COMMI-

-=-~~Shannon Prfrec ant! others -- ~ -

Cas 3i Re:Rce n(8 .3 ggeainOdr ossec

Qt ulstOdr

CaI 3 >eT Rixio (28 A . 33 Bg to >Oruzy B>A Ders5 Cns: ste

1 C> x > > A >D Copeland: x >B A >D >C 12 Cons; Yes

2 B> >A> D >C C:Pndorcet- x

Answe .: Coudorcet: x Concordance

Pref: x fBordaI PreT I
Sublists Fref Fuzz--

Mean: 15 6 6

S= Sq: 70 4034

Coeft W: iU.ZO 1.0 0.944

5Z* Conc: NO Yes NO

1Z Conc: No Yes No
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T-A3LE e.(cDTI.VC)

Sc!anc- ?referere -'a O .

Case 4. Ref: Klahr (22) p. 384 Aggregation Orders Consistency

Q-y Sublist Orders
Borda - AdJ ord: A > 3 > C D - 0

Pref: A > B > C zeta I

1 B > A > C Fuzzy: A > -B > C 5 Cons: Yes

I. A > C > B -t Cons: Yes

Answers: Pajority: A > B > C

Concordance

Sublists

Mean 6

S=Sq: 3

52 Coat-: NqO

12 Cone: n
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ZA3BLE S. (CD~7~rT*-

sha Frefere-ice and CGhers

Uase 5 !ef: Klalhr (22) p. M4 AggregSat! 11-c-SI-Ste--y

Qw Subl~st ')rders

A1 Pref: B3-C zcta- 0

33 C: Zos:N

Inwes M'ajority: I~r~stv
_______ ______ _____

Ans~iMe=:

S= Sq

Coeflf W

NOI
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TABLE 8. (O3NCLUDED)

Shannon ?reference and O hehrs

Case 6 Ref: Black (14) D. 269 Aggregatin Orders Consistency

Sublisc Orders Adj Borda: A,, A 3 =.> A, D - 0

A4 " A2 3 > A Pref- A4 > A2 > A3 A1

1 A4 >A > > A 2 >.A 3y- A 1,52 Cons zYes

I% Cons: Yes

I A3> A > A4 >A 2

2 2 >A 4 >A > 3

Concordance

Answers: Least Dominated: Borda/

A 4 > A 2 > A 3 > A, Sublists Pref

Mean: 12.5 5

Sun Sq: 33 18.5

Coeff W: 0.264 0.974

5% Conc: No No

1U Con-: No No

88
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TABLE 9. MODEL VALIDATION ITHl LITEP.A-h2E

* Special

4 Case 1 (Ties) Ref: Kendal (7) p. 97 r e drC~s~stency

Qty Sublist Orders A1 3,* 12 >3 >5 D -0.5

> 4> 6> 7> 8 zeta - .9875
1 1 >3> 5> 2 - 4>7 >6 9 >8 >10

> 9>!a 5Z Cons: Yes
2 2>1 -3> 4 -5 >8 -10 >6> 7 >9

2 >* 2'1 3'>5 >4>6':,7 lCons: Yes
1 2> 1 >3 -4 -5 6 > 7 8 - 910

FAnswr: ET: 9.5 .Z7y s,>3>5-6 w 7

-=9 -10
S= Sq: 591-

Coeff W: 0.828 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

- Eorda/

ilt

* Sub* Pssref

%=. 16-5 ii

*tT- 9.5

1S=Sq: :591 8

Codef V: 9.89 0.4

52 cw:! Yes Yes

I-i

12 Cow: IYes No

AI&

Ete a

illju(le)Rf ena 7 .7.rt a. -
Qty b! s Orer - .'l .



TABLE 9. (CONINUblED)

f Special

ICase 2 Ref: Kendall (7) p. 145 Aggregatien Orders Ccasistency

Preference Matrix Prcf: A -C >B-E F >D D -5.0

I (Same Pref Matrix) axeta -0.7
Sum A B C D E F 3%Cn:R

4 A - 11 01 1
12 Cons: %0!

2B 0 -0 11 0

4 CO -illConc.;rdance (N/A)

2E0 00 1- 1

2F C_1 0 1 0_JI

Anhzswers: D 5, zeta 0.375

90



ICase 3 Ref: Kendall (U)p.5& A~:ea& : ttez
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adicsted Borda met. ce *t a=- Black retod examples, th-e Borda r-esuit*s are

and t!e Cadurcet results are cbserved by
For Cases 2. 5 and ! hc I. the asterisk scar-I- the rcws of the nrz-eferen-e matrix for zeros.
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lists suc as me sIlists of Al P. A2 > A3-- z- Case all othr ternmat~vrs, h~ is t;-- Candoarcet cri-
9. For the--e cases, the reeitiam of suc.dists was teIb-Te Slack answer is- th-e COndorcet waneri
inset as slt-iniicat ire decision-smaker jodoc weigh ts aeexists- 1- a dtine oes M.t cx t*

(NJ). if-e rak orders are t.- sam -2t-- the- ssblist the Black mirar is cbe Sorda b-imner. A strong Carn-
c=:crdac data are based on, single cresof ar-t wira is cc that beats. n=t tinr all other
eacb type of list (i-e-, thin-v sblIists tested fr- alterzatives. For Table 9. ap--ed-- results for all
c.ase 9).. S Ince the .t- mode- is lizated to ten cases agree wat2% the 'feratprc cra=nies. For
aggr_-egate; JO orz fewer stilists. Case 336, with 142 Cse 2 -5. ti-e 3kir.a count values arc also given
s izsts co;Zd only be coo;--ted by t-ebe Wnights ttIe I iterarurt amd are in agzzt- aent with the c=-

~roact.pzter el resclts.

Case 13 presents ar- examle ti is i-tra2=- For the eases of able 6, t--e Coeland (20)
sit ire a~ has -odiscrzete nolhtion. mote that r.es=nfls a ttaimed as the prfrneorder of tie
the Soel han"dles inrr iiya indifference. 1e "ben 0. 1/2. 1 sco-ring consta-ts are tse for
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the frequency matrices and -1, 0, 1 scoring con- majority agrees with the indifferent orders computed.

stants are used for the preference matrix. The other For Case 6, the last dominated rank order corresponds

results are obtained as they were on Table 5. Cases to and agrees with the computed PREF order. The six

1, 2, 3, 5, and 6 of Table 6 have total correspond- cases in Table 8 validate the Shannon preference

ence between literature and computer results from the method in the model.

rank order aggregations. In Case 4, the Copeland

results match, but the Borda results do not match. Table 9 presents special cases to validate

No explanation can be made unless the reference is in specific functions in the model. Case 1 is a Kendall

error. Nevertheless, the model is validated for the example to illustrate the ties correction calculation

Copeland method. of the coefficient of concordance when significant

ties (indifferences) are in the sublists. The liter-

All six cases in Table 7 have Copeland results ature example and the model computation of Case 1

from the literature and the model that fully agree. agree completely.

Case 1 of Table 8 has full agreement between Case 2 is a Kendall example to illustrate the

the literature examples and the model results. In number of circular triads (D) and coefficient of con-

Case 2, the rank orders agree but the sublist con- sistency (zeta) computations. The literature example

cordance figures differ because of an error in the begins with the preference matrix and continues to

sum of the ranks for the F alternative. Dr. Shannon, the completion of the consistency evaluation. The

author of Case 2, told of the error during a class literature example and the model computation of Case

lecture. The majority order of Case 4 agrees with 2 agree.

the computed PREF. In Case 5, the intransitive
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Case 3 is another Kendall example to illu- In summary, the literature cases and model
strate the calculation of the Kendall's coefficient results in the six tables represent a reasonable
of concordance, W. The literature example and the validation of the model.

model calculation of the mean, the square of the

deviations, ard the coefficient of concordance all

agree.
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IV. SUMMARY AND RECOMMENDATIONS B. Research Accomplishments

A. Concluding Summary In reflection on the research reported in

this report and Dobbins (4, 5) several findings and

A comprehensive, flexible model was devel- accomplishments are apparent to this author.

oped and coded on a large computer to accomplish the

sublist aggregation, weighting, hierarchial conver- This research demonstrated the practicality

sions, requiu'ments translation, and results evalu- and limitations of several majority rule methods that

ations. The coded model has been verified. Vali- can be used to aggregate ordinal rank orders.

dation has been successfully performed against 46 Although extensive theoretical research has strived

examples from the literature. The model then was and generally failed to i6nd aggregation methods that

demonstrated for an extensive R & D projects priori- always give transitive reults, for the realistic rank
A

tization study (Dobbins 4). order problems examined, intransitivity was not an

impediment.

Fuzzy set rank order methodology was briefly

explored and added to the model for an alternative This research demonstrated the power and

final &ggregation rank ordering. The methodology limitations of a large computer capability. Impres-

employed was too insensitive for many of the cases sive problems, beyond the reasonable consideration

computed. The fuzzy set method would rank many of hand calculation, can be accurately and quickly

alternatives as indifferent when the other three computed when iterative solutions are not involved.

methods developed preference orders between the same But the state of knowledge and equipment limits the

alternatives.
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extent of usefulness of majority rule methods to not matrices one section at a time until all sections are

over a few hundred judges and alternatives, computed.

Specifically, this work has shown that diverse The present model, to minimize data storage

and complex R & D management priority lists can be requirements, does not hold input sublist data as the

aggregated into a useful single rank ordered list. computations progress through the arrays. This space

saving requires that all data be re-input for each

C. Recommendations for Future Investigations problem even if only a single control value changed.

Again, extended space capacity could remedy this

Several areas exist for further research input data repetition requirement. Further research

work to improve the modeling and computer coding for might find other remedies.

the aggregation of rank orders.

The COMPARE subroutine used Kendall's concord-

The dimensions of the computer code arrays are ance tests to evaluate pairs of final aggregated rank

limited by the computer capacity. With no signifi- orders. Kendall's concordance method is necessary

cant changes in the model, the present 100 x 100 where more than two rank orders are evaluated. But

dimension limit could be enlarged to 125 x 125 or there are other methods, such as the Kendall's Tau

perhaps 140 x 140, but little further, The bene- method, where there are only two rank orders, that

ficial solution would be a computer code that was not could be considered. An investigation could deter-

dimensica limited. The approach might be to develop mine if the Kendall's concordance test should be re-

a computer code that will progress through very large placed for these final comparative tests.

96

C7rtL 7 ~ ~ -=- -



APPENDIX A

FUNCTIONAL FLOW DIAGRAM
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The functional flow diagram for the aggregation computer model is

presented in Figure A-I. The P term repeated in the flow means "print"

the information about that step in the process.
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Figure A-i. (Continued).
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STOP STOP

NO No

TEST YES TEST YES
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YES

RETRE
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Figure A-1. (continued).
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APPENDIX B

INPUT INSTRUCTIONS
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TABLE B-i. TECHNOLOGY PLANNING PRIORITIES

1r~put Rtequirements

Card Type 1: Header - Name of priority group 1 = Self evaluation, complete matrix

Col 01-80 2 - Self evaluation, threshhold, reduced
matrix

Card Type 2: Control card
Col 26-30 -THLD - Percentage level under which

Col 05-05 - NWT - Weight type (1-8) elements are discarded

(see SECTION II for Col. 35-35 = NPRINT - PRI~ri control
descriptions)

0 - Print all
Col. 10-10 - NCcOiP - Complete all matrices if

nonzero I = No prirz. of sublist frequency matrices

Col 15-15 -NPTYPI - Type of calculation for 2 -No print of sublist frequency matrices
frequency matrix or weighted subliat frequency matrices

0=-0, .5, 1 3 -Same as NPRINT - 1 plus no print Fuzzy

1=- -1, 0, 1 4 -Same as NPRINT = 2 plus no print Fuzzy

Col 20-20 - NPTYP2 - Type of calculation for 5 - Print only input and output
preference matrix

6 - No print Fuzzy

0 =0, .5, 1
Card Type 3: Input Type

1 =-1, 0, 1
Col 5 =JELE - Element code

Col 25-25 - HATR - Self evaluation key
0 =End

0 =No self evaluation

108

-Ei

Mi

_____

V-- _ _

-IfTO



,I.I

TABLE B-I. (Continued)

1 - Requirements Categories are used only in the cases where one or more

2 - Projects of the evaluators uses a judge conversion factor of 9,

Col 10-20 a NELE - Element type name 10, -U, or 12. In which case the CATEGORY (KAT) group3

Card Type 4: 1 - NBR NBR - Number of require- certain projects or requirements together. If the pro-
ments

jects within a category are ranked, they must appear in
Col 03-05 - K - Element number - Number between

1 - NBR their ranked order.

Col 11-30 = NAM = Element name Element Number 1 2 3 4 5 6 7

Col 31-40 - WHI - Row weight Element Name A B C D E F G

Col 41-50 - KAT - Category Element Weight

Terminate element cards with "END" in Col 11-13 Element Category 1 1 2 2 2 3 3

A. Element number and name are required. If the The foregoing example implies that 1>2, 3>4>5, 6>.
weight or category factors are blank, they are
assumed to be 0. The final order of the requirements would depend upon the

B. If a weight type is assigned in Card Type 2, a ranked or unranked state of the categories. If, however, the
weight factor must appear on the project card.
If the projects are not weighted, but the judges requirements are specified unranked, then the foregoing example
are, then use a one (1) on each card.

would imply

1 - 2, 3 - 4 - 5, 6 - 7

and again the final order of' the requirements would depend upon
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TABLE B-i. (Continued)

the ranked or unranked condition of the categories, equal elements all less than the last
given element.

Sublist Data Card Sets
4 Input reduced sublist. Prqgram will

Card Type 5: Card 1 complete SL at the beginning with
equal elenents all greater than the

Col 01-10 - Judge = Name of Judges or office first given element.
making rank

5 Input rating values in real numbers
Col 14-15 - JCONV = 15 Type of project con- given in the order of project, e.g.,

version (see Appendix B
for descriptions) A B C

Col 16-20 - WTJ = Weight factor of judge 1, 2, 3, etc. Program will arrange
projects in order of highest to lowest,

Col 21-25 = ISE2 = 100 percent weight factor setting equivalent elements equal.
for self evaluation

6 Input Julian date of projects in order
A. Judge Name - Name of evaluator must be present. If of projects. Program will arrange

the JCONV or WJT left blank, they are assumed to projects in order of soonest to latest,
be zero. setting equivalent elements equal.

B. If the JCONV is specified, the program looks for 7 Input-3 Freeform sublists
specific data in Card 2 - Free format sublists.

Card A Key element
JCON, Input Requirement

Card B Secondary array to be inserted into
1 Normal input primary array after key element.

2 Reduced sublist Card C Primary array - Program inserts secon-
dary array in primary array checking

3 Input reduced sublist. Program for duplication of each element.
will complete it at end with

110
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TABLE B-i. (Concluded)

8 Input-3 Freeform sublists 12 Input unranlked categories - Categories
must be equal. Program checks for

Card A Key element ranking, then groups unranked require-
ments by category. (If categories

Card B Secondary axray to be inserted are improperly input, an error
into primary array before key message is written and the sublist is
element. droped from calculations.)

Card C Primary array - Program inserts C. If weight type factor appears on Card Type 2, a weight
secondary array in primary array factor must appear on the evaluator card. If projects
checking for duplication of each are weighted, but not the judges, then use a one (1) on
element. each card.

9-12 Categories must be .:ecified in Card Type 6: Card 2 - Free format sublist ranks by project
project cards. number. Sequence indicates preference, prefix with

with minus to indicate equal. Terminate list with
9 Input ranked categories - Cate- an asterisk (*). Follow special rules fot specific

gories must not be equal. Pro- JCONV outlined above.
gram checks for ranking, then
groups ranked requirements Card Type 7: Self evaluation of expertise in the technical field
by category. of each input element. These ratings must be

between zero and ISEH in the element index order.

10 Input unranked categories - Use Card Type 7 only when MATR - 1 or 2 (Col 25
Categories must be equal. Pro- Card Type 2). This is a free format list of integers
gram checks for ranking, then terminated with an asterisk (*).
groups ranked requirements by
category.

11 Input ranked categories -
Categories must not be equal.
Program checks for ranking, then
groups unranked requirements by
category.
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The FORTRAN IV code listing for the model The key variables are defined in the comments

computer code is presented in Table C-i. of the subroutines where they are first useJ. INPUT

contains most of the variable definitions.

Between each subroutine of the code are refer-

ence information about the code to aid in tracing
through the logic. Of special benefit is the list of The INPUT subroutine also contains comments

variables and the locations where they will be found which specify the formats of the input card types.

in the code.
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TABLE C-i. (Continued)
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TABLE C-1. (Continued)
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2Z4.4 n 21(C(. G(TS 22' .29 cz1193 :-6 2:
-~~~~~~~~~ -13 -_. 191( 99? -(t (1 3 1"4 29 3* 2

2415 USq 19120 Win .96 SU& V(19(3t .14! 127
1 * 1369 COAIA 4(27s It a3 13, f54 Z5 2i ?

248 322 329 333 334 S4 3* I.3
3998*2 -4 -343 142 2 !4 .3 .9
S.3 455 524 91? 54. 5177 492 i

1. ~. -44f--- _4._-- 624- -441 444---4-
34 .2111( 189 2.11 231

-NIECE-tr- 19(12(8 I?&4 I2 USx, 125, 'If14 s
245. N(I c ct(9 -tos 142 0(119(0 192

--- N*titt -9(( - - --9153 - rev -1194 DEFINED 14:
13 Fuz *%t(C(9 TSO wv SIT7 32 31IN 181 1II ?S?

..- s 1(-&"-- Cr 3 * G-- oafl----- i" - ----------
3 4) 27(09 SOT 21 3 24 14 34 31s 1?

_______ - 1351 34 38 13* 341 is1 AS14 If+
2.3 1 378 333 ..30 39? All 31. Z.1Q

11 0134 192(08q GETS A12 132 O(110 it l9t 3:I

ISNt-I tnl.E o REFS- -11? .46 -of391 1.5

215*1 W.12 t191(04 StI COSTA *Err _2 IT 291 15*ft. III M 5 Is 413
--- t--9548 -t .04- 11 -43J44f_ -ft Rol 14 3%0 32?

325 33. .144 349 2-214 343 34. 2?'

428_ 435 "s5 45? 472 2 '
-- ~~~~ --- __ .1---- - 444- -4* .94 "14 $25 521

92 -93 S44 593 Ss. 577 99 .4 3

513 441 594 48 629 64?
topeINor 1t0EE--------48 . --- -43-- 84

0(53990 .94 521
-- e2-VI-t994tk- a - -- (4- -- -- 4- 9 15- *5S? s -S' .481 491 492 496 511 93? ..! s23

2 MIT 2X91(1(9 CUTS4 IT S 138 144 2-173 17. 193 224 2"1

2 0(8 REAL -- 9t"? I I M0 '* s 3* 45 2. 3y1
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TABLE C-1. (Continued)

7411 S5 1 '7*1 #7's 4t* 118 *15 .l77'l 711 71S
Q2 IV" qtt Ll A**&- WORR Sl 2 - -

341 11 ;1* .81 474 ! .13 .4
554$ ? l 11 47: 47. 711 '4' 77

41 .1 47 7 f'4s 74 71 '44
213 7* tl U1 (7 7 4 4*4 441 718i *I7. l.

ZS83Z I S lilt 4 illy MOT li "a! .4 .03t: .ITT

I8 As. SIlT. sit ..-.'18 -s 7
Sob

744 8J 71cf:7 21 2511t IF7 Df-2*17 7.4 77-543 .1 At I a*&,1 7511£ *(t I 1 Is. *( :Z,7' t7)7?? 8J 4,1. L ARI, c*61 Ms1 :2 7l3 4 1

'ILE %&-(S et=q
UT I r W .. TIES ZS ,
l&.Lq _ 1,21 -C&2 IS ZG7 :q?

1877* #8- 841T71 14 1R1 2T4 I" 1. 114 41. 711
71. 731 ?i7 7.7 77! 712 2? Z2 M 11

7*77781. of7 F t Mt 17.. 1 $3 141 .71 .11 S. 4

A CZ4111 tAL 41I1 Z %Sgs r" tiz

- Vt RE 'I I tam- 274 "2- 5t 51 41
Tll -0(cl I M i35 * 

us i41
ttl1w t74 O 11-#47. " - - - .........-

- 13 "1 '111 1l 154
- - 1t 151 1.3

*I 11 155 157 1*
-Is r1*: 18

1 As If 1 1.1

-- 1$ t - tw - i .. .Z11 2? 13?TZI tee -_ __ __ __ _
11775- 23 Z1 2

r11 z3% Z7 31 z3

777 IRA 71. 728
42 tItt ?-S 11 -

722 5#1 Z43 13t .379 43

s1t 51* Z84 I* 7)7
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151

Vs SO

46 ft41 1 5 3

" 6, -39

66 514 3392 33 33

40 519 363 329
---- ----- - -- ff 4 - -- -- - -

-6 t 4Z-.3 -- 37e 341

475 43 31 1

- 34?------?---4-0-_ " - - 2- 1? 1---3---
5r 654 34 4323

F--4E14 -49 38--38
a6 55. 423 3. 35 9

4-44 351 39986

-34 361-341
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155047057 10UT? 7617. 01-T.1 MC60 f20 i.6*31 660 15.34.3b

261 5 35 36

1713 771 560 1W

0 401 5 61 55,.
143Z :32 Sbj 455 996 54

B 663 563 562
---t73- M0 -if -S4 5s- ----- ----

0 " 0 55, 551
161 B 821 556 550
Z4.3 W0 .41 5.? 565 631
1653 42 64 u

:25 T 5 5 42

15 Z49 601 545

:35O 60? 626
O ha6 523 572

BM 653 56? 560 4
1611 4.5 610 573

216 8.6 b 0 61- 81,161. *650 613 4.,
-164r- M5 46 -04.- - -6brt -70 - 67B 410 62S 62?

O65L 5 5176311
166$ rs6 63! 1

O 676 63? 3

B43 696 6-.5 6.

28.0 lot 'it 14 147
2067 9,1 '"t 1493 190

075 946 '4 190 147 184
--105 107 :,42 06 000%

0 1: I66 '4 215 Oh
Z156 91 14 23.. 233

1775S 1. '42 160 e 066
-0013 9.5 140 1 1 71
2 C0 ' 16 4 '4 :75 14'
201% 426 '42 3150 31
232 421 '4 01364 366

-0" 1 I" 7 Is- 7 254%

49 2 43094 27407
2., 93. 47"l 073 2702

IN 0 - '5300 24M
;17a 4 1 '4T 761 263
2577-4W-- -- f #05 4 24- - ___
036. 900 '"T 62 600
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-TBL C-1 (Continued) -

319 -3f

j 52'5

034 Z'. 34 1 10
-es . -ts- -'4 .. 319- -_374--- -________

3Z*2 . ' , .14 T f

-se 88 , 347 353 49 -- 450 ___- ------ ME

ss II * "'1:67 1883 86le1 15f 15 66 16 9 38 K0 f .170 a 3 t%6 3?3 I36 3~ 18? OE7S

3.2 107 3 396 397 48 1831.21 a
-67 13 J 3U8 '31 It: 083TK

32 513 * 33.. 336 78 8S0CK O

100 $8 397 379 3a INSTAC(
---.0 _11Z -39-1----o-0----- ~ ..--- _ _ _~- -

'6 5.7 31 376 3 77 INS TACK- -13 -4 0 382 z6z --its 7 -
71633 55 0 2 3 90 38 I-STACK

- 6 '405 1 0 3S3 4043 63. IR---- 8A-CK 8

7101 0 . I 3 4 51 0 78 08'CK
I-7 3 * 4 02 '.22 a- 6 -- -- 8 -6 - -- __ _ _ -O_ N k7511 61 45 62 659 38 01 STAC-2_t -*9- -. 'b - 473 - -28 - ---- -41-*0S--

1616632 0i 61723 .0 183?CO*

-19- 10 ?I I 81 441 288 - NS K -8-0889
1633 618 4872 465 68 06312(6X

-- 05- ~l----------- 478- 6*1f-0- A;
10T3 76 J 673 6730 ka 08378(1

111 781, 1 S8 S6 680 I0STA-tt T3i-t9 -1 - 4 8 --49 -0--*8---- - O
1231 7615 1 S67 466 40 INSTACK

1297 708 1 Sir - 9 1 8 .8110 -N~

139

-57-



-I I -" --- " '

N

TABLE C-I. (Continued)

SU'3v3UTvjr. rPNaT ?4/74 OPTl TRACE FTN 4.64439 0l/04/10 15.34-36

LOOPS LABEL T'"xQ ':ROM-T3 LENGTH PROPERTI-S
1261 755 J 518 519 49 INSTAC4
1273 752 I 520 521 3- . iSTC --- -

1105 753 r 523 524 28 INSTACK
1313 755 * 1 526 528 166 NOT INNER
1321 756 J 52? 528 48 INSTACK
1336 75. 1 529 530 2- INSTACK
1342 757 " 1 531 536 148 NOT INNER
1347 761 j 53.. 535 30 INST ..
1362 765 1 536 539 .9 INSTACK
1407 820 . 1 551 552 59 INSTACK EXITS
1415 601 . 1 554 561 223 NOT INNER
1423 8o2 J 555 563 18 OPT
!442 8J3 I 562 563 JS INSTACK
1454 840 1 572 573 58 -ISTAC-----EX-Ti-....
14b3 826 I 575 579 178 NOT INNER
1471 826 3 577 579 59 INSTACK
1506 842 . I 583 58? 178 NOT INNER
1514 842 J 565 587 55 INSTACK
1527 827 . 1 590 605 518 NOT INNER
£531 u27 4 J 592 605 458 .... ffiT--tNE-
1541 828 4 K 597 599 178 OPT EXITS
1603 835 1 606 607 38 INSTACK
1615 5 .* 1 616 617 58 INSTACK EXITS
1623 51 * r 619 b26 248 NOT INNER
1631 451 J 620 626 128 OPT
165c 852 I 62? 628 38 - ItSTACK-- .......
1664 376 1 r 636 63? 58 INSTACK EXITS
1674 577 I 638 639 28 INSTACK
1702 878 I 640 641 38 INSTACK

'MPOHON SLO.KS LENGT4
COATA 71306 .. . .. -. ... . .. .. . ...

100 14
NELD 906
f / 112"!
WORiK 10500

STATISTICS
PROGRA" LENGT4 33238 1747
C" LABiLEO CO4OO.1 LENGTH 777268 32726
CM 8LANK ZOH.3N LENGTH 237328 10202
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TABLETP $I..Cntnud

1 ~ 0 Co1 iji f.I*(33- 4454£4 449*tlT9 445

I U2445L( ,I~ K91 4

-RA fnt I .IpI I .

CO111 *1I0O./I 40(8(4( .40C4091W Too14.9*41J 1! 90 V
SCON4-04*44,-4.44M4 44-444.*4444- 04 -441 -

tPNt( 444fElIEgI~(4(5.11 01I
-~ ~~~~~ .400422~r- /on

0414 IS FREQENC -A. IF ~ T:2191 8Z4

00 812 J.1.6 199 so,

1,; X1'... 91Jj..ScI~1991P 4

WRT-690 "EDRJUW4 ,* R'*F J). _ __ -_____ _ - m1 -- a; -,: -.1-5

SZ 44. ! T 9* 1

J4444.f * t on1 £1. 1

21 FORA IF EDUC. IA-1/ 8PP J91J 1 99 7

WR tie 1, -- 1991 51 
40 * IA If" 1S F#64U2*C1 *41*21 T991 4.?

M 9 WRITE o. 1 0 t9 Tr 199 574
I '*- fO.A'IPPI 47

103 K1 = 014* 199 4
____________ -- )9-441.4.9-444944*-4r*4----------
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TABLE C-1. (Continued)

sIsUOSUI'I rRE3 14171. OPT-I TRAMt 961#6.a. 4/19 15.30.34

- SUN SUB-LIST TPPO 453

60 00 520 1 I ----9 TPP1 0i55s
SZO At1,4? - AtI.TYtf- - - II i

C TP 857

i00 CONTINUOE TI 459

RETURN TPPI 461l
ENO 59 6

3Y150L1C R1WCCE NAP (P-ZI

!NYRY *OIIR OFF LINE REFERENCES
I VSCS 3 66

VARABALES S4 TYPE RELOCATION
1 13 3 A It!&L ARRAY C GAYA REFS s 6t DEFIED 61
1 166 E55 CEAL ASSAY / , qSE rS 9 39

0- "EAGER REAL ARRAY 100 REFS ? I1WT1 E RTGe REFS 22 2N 2-3 3-39 Z-51 3-61

310 J INTEGER REFS is 21 73 24 25 2-34 Z39
-- ?-%1 --44 si- 3-6t WINED4 1? 21 37-

41 46 604 51 59
t5?-jAC INTEGER ARRAY COATA -- REPs --5 - 1- -A---6--

24241 JFREF INTEGER ASRAY W0RK REFS 0 3o 41 OEFINED Z4 25 27
ZOti *RAlt- -OIfffIS -*-R*A---140R.T- 33 1 e P
25706 JSUbL I MTEGER ASSAY COSTA FES I 2
-1 5- 4509e INTEGEN 100 - -EPS- -- ?-----~------

3. .-uo3 1RTSEE REFS 30 41 0EFINEO is
-355s -i INtEGER -SP--, t4-15-----A 39 r-56

DEFIRED 13
---3t t--- TEI--- -------- f. 3:.. -f---

0 SAY IYEGER I REFS 9 33 44
--- -S T IStGI ASY COATA -APS-------F3---- ___

0 005 I TFIER OA TA REFS 5 1? 31 36 37 4,1 46
- -- - _ - _ - - ----*------t---3---i---5 -4-
211 000.S. 14TEGER REPS 40 DEF1ED t0

&Mf- .;~ ..1 .

13 O FUZ lmiNE t00 REii;
-"102 INErt - - - -M -SIPS---- -- 0f1 --- t -- - -- - -
I NJ INTEGER COATS SEFS 9 13

---10TOI -- IRTGE------ ---Too-- -REfS- ---- -p- --
14 NPAINT INTEGER I00 REFS 7 3-40

12 NPTYP2 INTEGER t00 REFS ?
?-Z5 S-lST, -IrtE3E----ARS0Y -50**- -- -ttf$P----- 9 -0-------

306 NY 114TEGER REFS 20 30 DEPINEO 14

2 SEN RSCAL ASSAY /I REFS 9

1 THO SEAL ii REFS 9

14 2

.1ZINN
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TABLE C-1. (Continued)

.~4*8I~1 1 T?~f *ELOCAt10..
2.553 It 4 CA . ARRAY COiii REFS 5 8G

. ------- -26---- 5

TAPEG, 1-1 WRITES 41 4'. 4 46 51

Ef12thatS 2'PE ARGS REff5lCEs
-A& si1 -6 -so--- __-___

M~INE 2u.C110" ty*E ARGS DEF LIRE R2EECES

1*81-~~k -- 181452 O--114LINE ---------- ff------

145 6 S 3 33 '.8
- X _ 14 - 1F? -
0 sic 26 28

3--"t .4r -? ---- _

2S 98Z -it '.9 41

32St 608 1 2 4? 45-e E ESNO NE

255t I32S4? 5 4

2?? 58s '5 52 51
36-3 44 -2*0

4b 515 .5 3? 2* a 8 81?TACX

--------- 41. 41 "a-* -- -081-E--

12 982 1 58 51 2*0 281 REFS NOT IMPE
-- -51 51 180 _ -Efa--4S-- -

153 524 j .8 41 148 Rot I8NER

3882 135

cm VL.AI £CONN5 L2511* 22326Z 10232
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TABLE C-i (Continued) r 4F

to - -I PtFIRQE(1 AOF 06*XE *;±5CI S'IO Tool Sy
"EO~~~t"CI9* KARXFR ,AIt.TO 7

OAT ,p. f - S3-t Y --------- /59 I' l 3
C SLEC *T- 5 O fC S 550 : 4.5 C eft cm5(, . Tool 9,1

SO P 5(7 * P5 0 R 5~ 07~j * q &-( 95 40 1 -* * I.T 7
;DV osc.. footT 70 054SS P#

IfV IkT~ . fQ GO5( To 5*o5 Tool~tt X* $41.t.19
-~ Tf- ass50 11 9 ' * e 4 1

311S AS 1 7 JR 2 loti TPO1 091
I& T A O $ 4 -- J,9 !555o t 1

005 155.t

00 6S00P. O.1 50 P0PS55 5

~~$-00WtrMlot - -_ _ - - - 4# 5*-

Is Iff JI ,51 .14E1 891 x
35 ~ ~ ~ ~ 4T5 =455(3 I1 i

00 M"5554 -79 1
0- 24 rol -- 5.- -.- - __ _ __ _ __ _ __ _ - "0S -- 5tIF (k945.15.Q1.5008 JIE0.S JTIE.IA toot its

IS1 CX IN*E ToF'S 1S

95? 515 -q pt T7 -_______ 1(1.4 
Is 1 Too

l~~i 4 9V r~t _ _ __ _ __ __ _ ___14 4O ' $.

M 77 955 i. 50 X* 10'9 8
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TABLE C-1. (Continued)

pill -2 Z.

69 1. fOnATI- PM -. 4t?:ZI I TO- qz

-K -f6v tI" S. #TP ?

4. ITl~t.*6 2

44I cO1.--c I.--

121 fl q01?411.1F LINE RI1IKKE

DO MorZ 1 .. e 741 7

313 1 I 05*01 313.13 3..~ .?33 133 100 *54 Z
- ~ ~ _ -t 70Cqlf ,1 3

R !; -4l.J .001 - %
___12___ 109 53?E S 2 o 23 4 3 4 3

----- *e-o1 4(C-0 04 ____________

-"GE 41-410---4 ------ Rf i go

Sir $I kS -*04 It*0 *ft -0 410 1

2351 M 1 ~ il r*75 S00 la . .0 0is S 5 7
--~~~E~W toMI~ 5 s 1 0

317GE too Of*?CEO 551 73 71 0 *3 0 3
US- 4 - - - 0- - * 9 0 - -- - 4 - - 7 --ew -4 ------18 NO." -3 14 GRto fs 1

-i10 50,-E0---- -1w 49-- SS; ii 0t130
No 300 *05 0*50t 03 15 3 51*
----- 000-0*---.P REFS(0 0*00 -~IE I.0- o- 5--- -?- 0 0000 7

0 ~ ~ ~ ~ ~ ~ ~ ~ 9 *05 1*500 010 .. 07 0 36 851*
- ~ ~ 2 ass 41~ S Sn2 i I -___________________

*A RO JU G * ( ( . . O S 5 1 1 *-41 -4 -- 10(0*-. *00 REP--S 5 5b Gizoo 3
376 ~ ~ ~ ~ ~ ~ 4 4.*55 tS 7 0 0030

---- -0--*-------1* 00 0 -:r 1* -- -- .-- 145-

I *0 1 55 0 00. t SS 1 S 0 7 * 01 0

775 007 1*50(55003 01 1013014



xq& -it -

sH9 ------ ftR - 7f? O--~ TRACE---- 24fA-S S.8

TABLE C-i.S (Cotined

~~Tt~f-19tr~t?---- -M -- ffECES - -- - -- u-.,3 ~ eiE1.83

0 i 5 t 1~ - --- TO? - - -55 9-- -

02 5 26 23

0 v - ---- --- 7 ---- 3 - - -?

O 70 67 64

237 982 -.qr 57 56
-219U9 V- ?- - 60 39 -____

26? 905 PNT 6? 61
30 -65 6- -- -- _____ -

tep L -*ffiO---Ewlftt FROPERY2E
so 10 1 29 31 30 INSTACC

35 It-*-3 32 34 -128 - MQT- ----- E*
42 12 1 33 34 28 INSTACC

------ 3-.6I- - 36 4#7 -33 - - - -eo- I~l~- --

S7 40 4 41 46 128 OPT

1Z4 1'. j 52 55 138 OPT
*% .1 fJ 56 56- -its- -fif-W.Fs--- -

151 *j59 59 48 EXt REFS
11 i 0 --- 6- 6t-- 48-- -UT-tf-- -- ----- -

1t? 76 * 1 6.4 6? 208 EXT REFS NOT INNEQ
for 0:1 6 tieEt-*ffP

.MMO 9tG.eKS-L-EV T ______

zoo 14

STATISTICS
nanBRIA Ites 6~f 7 5

C" LABELED CONION LENGTH 16.8 14
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TABLE C-1. (Continued)

304911T2.4 Wi.4-f 14fl 00.1 V44A W.. 9..3 .186,3g t-.34.24

S3MWIOME NEC13I9. 291T 936

- t WV 0 49 4 OF "OW2344( 4 39
Ut Roo ac I0 w11' 1..8q

-8004 44a

04tso -14411 4 14r-j0 1"9i 4.

- - U"3 4.1
193 2.41 .2.3. 1 .04. X.? ST. 4 1 4IIuWW 193 1..
WAJ a 409 

4.9

-00 90i. .. 9 104, 455,
92 xf.jI.4.*-II.J3 39 94

1 10 337331.I.5III...a , 4?1.:

73 21 211 1 .4,R 193p 1

40 To 931 
99 97

1 Do9 9430 ~to V

ITS st41.43~j -4 * WIZ * 41.Jl 1993 41,
GO) 01t 

1993 7.
1'. 43 33 1 *1.44 199 44.

:if C:.Jj AE.. C.; 1 60 to 3:3 199: it7
94 W(1 * 121.4 wept 99 913

371 10913409 199,1 974
310 Too 19I 9

004331 * .4019 -. 1

Do4 143409- S-lo -- 9 44

-00-910064 " * .44 --- --- - -9

lot DO3 Sze 1*39 1"9: 14,

-- #I;J - 41 ""i 2 -" -1-9T 1 9I1
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TABLE C-1. (Continued)

SUMUOT-If WC"GL ?417. 0-T-1 ItAt C?0 ..- 310lS~O0

1062 lt TootJ .0.010 01 40It 0
O0I.J sm VI Too "? --.0 100 01

074 T ~eoool .1,

'7 0 000013: Tool 1017

11 00 :2; 0j FIR 1.32!

",:J I7 S2 To00 V;l
It: 1 1'. 1 *111 .Io " J I ool ll
cost IV1!A To--, III0

t 4l -.6-11 '1-11 01-1 1111

I-- FO1*0j SUS-.00 S O7140 Toll 000

Is__ 9- 5 To0 01. ~ 90 Ot

(00 0000 1 1.1

irt01.1 Et46d 1' .7

3. 40101 3 1 0 0

9* 00800 "q%1 MOT :e 04 1

o6 3o is 0.4 60 0O1 6 0

10 44I' -fa MRAT -. 1- t'1 2

41 4106-' 1 I. 0

-i-Ott- 99~t -0 11 t(4.~1~--- q -
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TABLE C-i. (Continued)

-~~~1 4A44f5 S '
3* ... S SI $2 5'Ev#

-- 3. 1 RIFS.. L"(1 o'~

I%44 1t' 132: FS1

- 4t-10 lIE4 _ 445 I
It mp'1*f 34 [4t3fls t 8

I., 4f77 1 E.:2 *5

C2 vl: -(At cct F a. .0 2(32.43 U5 37
-4 - Ai -- -fiat .. -j$----- -4& &l- -S- - ---

A REA A.". ta .p. *(IS 122 22 29 33 3' 43 4
.1 4 3 44 43 62 47 tI

75 8, 3(;z40 3 : 27 35 4

-tt ft"- ----.- -4-- 4 4

'AP2i5 "T vf1IVES 41 . 8

-~ ~ ~ ~ ~~I 514*t2t- 31tM f(f :

C 23 33 25 2

324 322 *1 14 so 38

147 428 4S44 4 .4

its Sze 4 St Si 41
45 52 -- 3

214 423 74' 7S 73 4

35 7 93 Z I4T .2 4

22 4) * 111 2 143 "7 Y il

-45--i,----- 2- ------- --- ~ a

72:, 2 13 31 O I'at
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TIRLE C- . (Continued)

SUB OUTI4E VEIHT ;4/74 OPT=l TQACE FTN 4.6*439 OtIO ,l/ 15.35.36

iOOPS LABEL I140EX FROM-TO LENGTH PROPERTIES
100 220 r 32 33 38 INSTACK

-- la "---*I- _ - - 3--417- --- Z19 X-ES4O-4E -113 320 4 J 38 41 148 EXT PEFS
133 420 * J 44 48 219 EXT REFS 140 IwNEp.134 4.20 I 45 48 169 EXT REFS156 520 4 J 51 55 208 EXT REFS NOT EWEo.157 520 * I 5Z 55 156 FXT REFS200 620 j J -56 ---- 2j- ... eT RFS-&T--,'iE .Zi 620 I 59 62 1EB EXT RFS2 7 J 65 69 168s NOT INNER
231 720 I 66 69 48 INSTACK2*Z 820 J 72 76 209 EXT REFS NOT INNER243 82Z * I 73 76 153 EXT REFS
272 j 0- e81 1- -*s -- -- f- REFS~302 •j 84 64 43 EXT PEFS310 920 I 86 89 208 EXT VEFS NOT INNER
313 *J 87 87 118 EXT REFS

:0NO4N 8LO;KS LENGTH
IO -- - 1f'

STATISTICS
PROGRAM LENGT-4 5138 331
-C!ABEL-O COM'40N LENGTH 168 14.

150
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TABLE C-1. (Continued)

5U3QC~jTI'. 0431 *.fl.. I -f 7 %g S71 I

CC67A*TSIC1;0 " IT140I'l 70 IS
5 ~ ~ ~ ~ .C3 610"(08.01C0.7TV81.1l17.5ft15QlT.JTIE ?871 "

014EWON04 SUTAI I I70 ll

C SOOT 10* 87 15

It 0 toot I7'
00 000 J81.kSR 7781 IV3
J77FIj8 - 8 71 Its.

iR0 kKNRJI -0 J71 10

15 17M, 11.1

00 ?16 5-.0* 07,1 I1

17F I0000 ; 6--005 I 10 TOe# ?, 80 0.

$08.0 S81151 too1 1I.5
.004810 JR .481.7 of7 I~
SU41088 P ~O 1? 1.

r0 Z11 C70161z 171 UE

C S1081 FOP, C0C 0Q0ALCE17 1'

If07 ": IOS.Q707 M773.0d( 'Pot 051
IF r 'Js E .0 .AND .4AE.Q.DJ" LAOII-IMEt to7 155
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0 2350 5

--- - o 72 69
64 62 01 77

A1 . 93 7 5 60 1
-4-49--- *44--- 53--

I 02106 225
It, 0 21 1*--- 104 123 -- -

S102.24. 125
- m2 130 164 IN?4

0 320 161 1 55

*. 3" - 20 -- W-- ___

631 912 F 122 121
O 2 " '", .. _ 124 Ito____

0 5 914 Fit 130 1"9
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TABLE C-1. (Continued)

:U34"OTi' :) )3'3R 7./74 OPT=I TRtCE FTN . 5+439 0/0'/10 15.38.36

STATEMENT LABEL3 0EF LINE REFERENCES

463 317 :4T 141 140

520 318 rqT 153 152
551 420 -1T 174 170
534 422 :4T 159 i58

LOOPS LA9EL INOEX FROM-TO LENGTH PROPERTIES
7 90 * J 53 94 1068 NOT INNER

16 30 K 57 58 38 INSTACK
35 %j K 65 66 28 INSTACK
45 50 K 69 72 5B INSTACK
55 80 4 K 75 93 369 NOT INNER
76 70 1 86 88 58 INSTACK

122 4 J 99 99 49 EXT REFS
132 * K 102 1OZ 48 EXT REFS
142 100 105 106 28 INSTACK
147 £10 4 j 139 116 32B EXT REFS NOT INNER
172 £10 K 13 116 48 INSTACK
206 4 K 11t9 119 43 EXT REFS
224 t2 K 125 126 48 INSTACK
300 320 ' J 155 161 £3B EXT REFS
322 325 * J £61 173 178 EXT REFS

:OMNON 9LOKS LENGTH
COATA ?1306
100 16

STATISTICS
PROGRAM LENGT 1572B 890
CM LABELED COMON LENGTH 515108 21320

168
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TABLE~ C-. (oniud

TABLEc C-i.I ~ (Contin,,_1ued)s

i IA . A/ 5l .,:~4 1..%~ 21.
44* S IM 1~

.1 15so(

1.DO0 P 11 111.1.21?[ ll

1~ 2.601.261 1 13YYYI 1512
J2742I.AIKL T11 I01

jIJLII.1I.LI:14 TPP1 1512
is.LI0.LS~It 'P1 1141"l7T- I%

zo (0d160 4P4o.11 1071

IT.11 P- IS??

7Y3GLIC REFERENCE U6P 24.?)

VASIAOLES TY14 R (LOC&T104
13 A f4A ARRAY COATA OEFS ?
5j 1 141-cf. z" ? 6£ -- 3 -- te 0411670 14

2W3. ,"50v l~_C ARRAY 10616A ;Es 21 DEF IN"* '2 13
Mob0 4503. [if0C £4541ARA COATA Rers ? 43( I? I f51 I K 6C 4(10a ES IC 11 12 It DEF4ED4
5? L I"T : "It #0- 11 11 14 _6664 100 Ad 1010314R ARA. RANK RES% 4 & 12 1S DEFINED , 7?

.1% LIST 0416164 ARRAY RANK RESl7---
I L I ST 14761(E ARRAY RANK V, US -7 163 .44: 11 ." E ARRAY DATIA REFS 2
C '.94 lmt'0(R COATA -tfs is 1 10 it
1 Nj 14, ESE: CDIO REFS DE1(11.6 7
I0 "I I.,00( _ _ ~-- - RS- 9 --- to o6fIf0 4 4-

055.1 1.1. 14261E ARRAY CDATA REFl 2 DEFINED 16 1

2.553 "1 SEAL ARRAY CD&ATA 5(15
HUY? wi -CAL ARRY COATA 4(10-

It 
-,- _ _ _-IKEw4~ T



TABLE C-i. (Continued)

SURROUTIJE- C04PARE 74/74. OPT=I TRACE: FTN 4.6+439 0a./08/80 15.30.36

EXTERNALS; TYPE ARGS REFERENCES
CONZ'JR 2,

STATEMENT LASELS OEF LINE REFERENCES
0 5 19 16

36 10 21 9 10 It

LOOPS LAIEL I4JOEX FROM-TO LENGTH PROPERTIES
10 10 * 9 21 338 EXT REFS NOT INNEQ -

12 10 4 U 1 21 279 EXT REFS NOT INNER
30 5 1 16 19 48 INSTACK

!OMM!ON iLO:KS LE-Nr.T'4
%;DATA M136

RAK403___

STATI1ST ICS
PROGRAM L*-NGT-4 548 *
CMI LA3ELEO CO'VION LENGTH 523158 21709
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TABLE C-1. (Cjntinued)

SUO)JTIIC k3,4 -f"- 098.4 14AC& 484 TV's .81A '.'48

.co 4k C114 / N Q1u4 TAP 15Z7

I,110P 1(7444 .3".3.
0 ~J3I 1524

A48 It/I TP' 63
IO TO.(.4308 55891 1'

-- AE.1ftD4- - - -894 43
00 It1 .1.344?ce43

435*0READ 40E*4J4it2i81 1513
1.14M 1

I.C Go45. .. T0 8044l IS" 153t
100 0*4A42014 8l 2537

-45.3k ISIS--- T' :3

45 C0'.TE-I.a 89*4 t(!

131 FQASAT 4/4 .. t rTt: 45
;4 10.1 To.! -.,

00 65 34.4414T.1 194 
1
5.,

19&TIP: .143
38 5. 4 jss I"I.T 4991 5Is

so 14 I s.4t TFI 1q3
1F:1& 1E44.974J143 04. . 44 41

G 144A 4 4Ss(

340 .t015 .(U44 'P.- I2544

or (US~i Si41*~0I14894 44

1 C %I~ 8992 156

45 123 84494? T*I0;.*.lI ls,, 114 Rn t'010#CtT n9378/Ij 1*.5 is

it COnTlwC899 51

Do 20 0.0.41 'P.1 .41

IF Is.1 GS 00 80 2 I,9 152

IFs .I It 4154' I.01.144.Sflj4 .48.041 Go~ J14I!4Zoc 44 89e 4585 ;-
I F I44 8*9 15?

2. C3800 I,* WE I Is

55 Do 28 01.S* 19*4 :875

I (*31 -- -9*1- to 15
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TABLE C-1. (Continued)

63 0 TO35 I: T'I! 113.(T.M1 to to 35I I'
03 32 J-I.1C 1*7 15

51 1% ef1 tW3 34

.4tSIES S i- A LLOCATION151

3CY? I437 It I, IE AE7(W$4CSO

335 14 71 ITe RRYAV22 3 5 'r "
Asic~f 0. IM'CE off$ATI 3- 2-3 1

413 1 ~ : at II 0 33M3 1. I.f!t.f* Up 7 REF ?. Ill i ' 5 A

I M 14 f7 T% 5I 1q I !- ES3

355 1-6 111( £ 3 Cg E5RE340%,, ?

ms71( ts" IT i52.3 t 5

I5t ISI A 17( I nsaC 4C7 As 3. IS z4s& 3.1 55t
6. ~ i 33 3(741 iS 3 512 j 5

2 . ITTj In4776(5 ARA" I 70 7 37 3EIE6 22

573ok m!E (4l OLS *r 05 1 11 3s DIVINE
tf 3611s 326 I#T( 661 WINED

34. 5 %T'(Z *EIS Z37 56 61 47 61 4
off NED 36 'A S6333 4 1 t5* A(7 AS 35 43 07mb l 4

172
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S~~~lTBL C-1.- (Continued) -- - -

a - --A at' V- I

31 CIS -6 M

I ol .a I

Z.S3.1 ni 4RI OTABL C-i (C ntnud

utIALS $4 , All, a Ft C .!.go
213 lis4 I4(( zR1 (P *F

£lf"'1LD. 844 -S(a fC. 47$

Ist it t1S( 8(5 2 3 '243 1
2 1 i t1 1 ( Z$ 1 ~ ~i 8 7

7113 is2 8(( 04 OAS 'S 3 0'oO *
* .v 2"!14 "t# (75 27 1!':2 '

1 ~ ~ ~ ~ S %l1l$4$14 e £

II#'o5 654 441!1 . 7

IS 9 2(201 21! 1 t 0 4

215 1 .3 31o 3
if 22 4 27

*" 21 5 1

LOOP 3841 57E r~-O04O TE

22 32 CRT Ss

ST3 6 '* 216 237 N~

t S. it254. 4 01 MIE
a5z 3 55 '7 ,7 3 klI
it to 24 2.5't *

- 1t '1 23 32SS .: IMTC
32. 232 IN 72 23te __ -N-w~
324 403 '1 4 64 so4 STC

.50 '41274 10 "

tO* LOL 152. 75114 LIITO PO 17t3(

AM -- 1 - 4 5- - - j - -. 4 - 45 (0 1 0 4 5

11 ~ ~ ~ ~ a. lb.I22 20(I U



TABLE C-1. (Continued)

SUBROUTIIE REQUIRE 74/74 OPTI1 TRACE- fTtf- 4.6+4 39 04/013^0 15.36.36

'OtftO-N SLOCtCS LENGT4- N- ~ _

HELP 306

PROGRAM LENGTHi 26159 1421
- -tL&ELEO CO044ON LEmGTH 533048 22212- --

174



TABLE C-i. (Continued)

LOA .1 05 17 , ±1 IOD 63.3

tRAVS53. 43747-- CCB3.S 3.7433

/7341 '4.3 hbl

O1ftm n:. 3.bs I.C.C 9.1.10C7 ITl. ~ .. 6* 4% 646.1 3'1z 3.ACE

7353 3l3.5 3313 3.1 S,,9 1 .3 .91C33 3 1 4. *C.
41413II 363-A7613-5.7 1 .3 .3 .... I 091.1 173.L.

ORO 17 1:7T, 6~LI 1 4 / : P S .3 3 .6f3. 1 Cp1.I I..:,

t3*' 1 I77 172 LG~3 9.1',011# f74 4.3. 433. 6.. 1 wt?.- :£3.5: 111,.1 311 If-4Z 7 7 . .. 4.3.0 &t6, I.43 3. 01.1C02. 1 I "' . IS? , LSDtI *7I3.1, t-- *~-..*-." "4. 1 091*t-4cc ARE 17I643 S. ±Ito :1 7 . 1. .. 431 6S47 1 0913. 1 c3.5*11 141. 21s ?LZ s.ttof.41 It. .4 '.3 ".t T I ft

isrys43 It73 I LLef, 31 S6 ../C .5 177711 73 LL5 :7 7 1 " 6 R-

1..1,. -ZY.Z. 12
32I . 1 . 4 . $ - 0 1 9 . 1 3 7 , 0 * . 3 3 . 3 ' 5 3 1 Z I ! 1 1 4 9 7 1 15 3 1 . 1 71 5 !3. 6 3 1 U 5- A L T1 3.7 F T.7/7 5 9 * .L 73 %543V9 CI T.3.1 . 5 (3 / 9 u 9 S £ 7 5 4 3 *

5 3 1 1313.13 13. 3-27.. 1I77 3P.2 . 32 5 35 73733
C5 7 ? ;, - .2M F-.1 59 4 ~ ± '7 339 2 4 91. 11 * 1A I AT C 21 13 f£ t%! 7.(4*. COMAS S133 63 I 37.4 1177 372 . 3.439 ano P93511 31.1 53,13.14S A144u1. ATOf 1. 110 1743. 7L-0017.33 1.117?r COMPASS S. 3-41 T5973 RA * READ f.009 45573.113. 1314 - .6 lt- OR.1 33/17177 COMP.AS--A. 3..339.- to-STj 1.9l C- 3 . 3.00 V 3, STTU.. '.
, MfI 1SsRI 351 Si70913.M . 117/77 C399*33 3. 3-39 17*3. 1*31M AIM 9(.3 73.

13.232 1213 31 S. 0"19 211 17? 39 .3 3OPS . 39_ COL97 5103724 573.90? 505 9 1 . 11324. -Z SL.~31 * 1 -1171TY C397A11 3 34 9*3 1.4 5 3 51 32 37, 3 33 3 3192. 331 73 6S fo777*3.z 23117,7? CORR* SS . PROCES 533. O.OM-T-EC31~ 56
l9-'*ST 3331.. 4Z. 33. 5*19*3 1:117/7, COM'PS 3. 3-39 M01- LVM17 LI% 10 C..Oq 957731.

'I ** 12#2 StIL-OAT~k 11 1 7 5AS -7 -3

rc:-q. IT3 IS S W&L ASI * RAL W.2i IML OMAS1 31,IIIAIFCOS-.S
:LTUT: lits. 311IL10"4ft21270T O~pSS : "_C~qCFLOTNOcuoutCO



&*Ata 3-34

*403 1 322 "3 2L~f310A4 12/Ill? 1o*ass 3. S-.19 243U0 01TO 104cs 0?4.C04
At 10. 21 1 . 34 73 It FOT 4 . 1 1 1 1 77 Co "PAS S s. . - 9 1 011111. O h.? A? C Mso ': .4 44 O O-1 I:' 1110.. L

(-Ill'?.I s o42 1. S-O?4 1777 Co. 3. "-39 70431 113741 4771
3S 71 7 1115 1l7? 7.4$ s -3 Z4

4
k44t&LlrUC'I:%a. II 0041 .'* .2.6

-611410. 114142 I $4-4244--,31378.$-74c.4- -.-- 3 - it"9 441"(4 S15.410 o PO 26211470
021.... 1111. Z33 !L-sv210 .333177 739022$ S. 3-49
,1231.4. IISSIF I:

q7L-. 115374l I2 06-3167 B3,38,2777 C226 ,. 3-3,
444.43l I 29.44 - _24416104 -J.533C0A19-s4-i.s
'13.R.4 119728 -o SL:S120
0047.9 144 44 16-s111to

21131.4 1 3615. 121-1
3/4../ 14 136 1.6 1

.36.3 *32 757 161?I0

249.0 34438 1 3S-SI
i0131.f1/ 134.31 7

4T61.?1/ I4.I3 117L--

VO-I. 1.8t.4 153L-11

4131.12 14024 1St SL-SISIl
I1U.4* 19I 7 s~~

- ( .91 14047 1 4 161050- - ----
lop(.S3I 14316 6-11

/0402.40/ 
1!11

/307.73/ 141145 1 t

0641 -1521 is? 11.11612
,Rcq.f0/ 141440 7

Is77.-7/ 141742 7

4E1.12 141752 1!4! 1SOIIO,

II1.3112 2173z

1.83 2. -17cohoS 1373334 C. 370/42 USC I21 fle6t 4412$
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TABLE C-2. LIBRARY SUBROUTINE PRAM

SUBROUTINE PRAMI FVALUJE, MV, JA S. RETU416St SPECIAL. CH#AklE SNONE RETURNS ZEROS FOR rVLUE
PRAM LISTS VARIABLES ON T-E CARD 1N WHICH IT APPEARS

DESCRIPTION IMUS' BE IN COLUNNtS 10-14)
PRA14 IS A TER1414AL ROjTIN7 imICHi IS USED TO ENTER FLOATING STOP OES TO AN IMMEDIATE PROGRAP STOP
POINT 3ATA IN vR!7 cORMAT 'OP04 dHERS PRECISE FORMATS ARE *4OT
PRACTICAL. WORDS ARE SEPAZAIEZ, SY N31-0N~ERICS SUCH AS SLA199S qrE"&R(s

OR CONNqAS. SPECIAL SYM4BOL * TERNINATES I'TERPAETATIONi Of THeE RECORD AT
THAT POINT.

INPUT
JA=O CAUSES Nv 9EY 4ORDS TO REc LOAIGED FRO4 ARRAY FVALJE. EllAMPLE..SAIPLE: PROGRAM WILL F!RST SET INPJT ANDC OJTPUT FILES
jAzPDSITIVE VALur 4ILL t4iSE O%E CARD OR KEYBOARD ENTRY TO ?E TO TAPE3 AND TAPE9 RESPECTIVELY* THE% READ 10 VARIABLES

INTERPqREED FOR UP TO 4£ F DATING POINT PAMAMETERS. D-' CIR INTO THE ARRAY X UNTIL THE WORD EC' APPEARS 1% T.IE
JA=:NE5ATIVE VALUE WILL CAUSE ONtE OR MORE CARD OR KEYBOARD INPJT STRING.

ENTRIES TO BE IkTERPRETS2 LN
T
IL IXSSJA) FLOATINS POINT IF A C APPEARS IN4 T.'E STRING, THE 'R~L LL RE-REAO THiE

2
Aq4A4ETERS ARE IN~iRPTED. VARIAR-C TO BE CORRtECTEO A-.0 Ft IF~RLD!NO. TE DATA STRING

KEY iORDIS NIT 9E fTrRE3 TO CAjSC7 A %ON-STAILOARD RET~jRN AS A -1 7T4T POINT.
MAY OF BREAqING OUT F READ LOOPS* ETC. DROGqAq -qAI,.(lPUT.OUTPuT.TAPES=TINPUTTAPC9=OUIPUT)

SPECIAL ENTRY POINTS OIRENSID'. ItXti)
PRANIN(SLTAPE3) SET IPUT FILE TO DESIRED UNIT DATA IKEY/3'END/
PRAMDUTILTAPE91 SFT 3uT'uT FILE TO DESIREP jNIT CALL PRAMIA(SLTAPEA)
PRINT ON SETS 3RAR TO PRINT ALL INPUT qECCRDS CALL ORA-DJT(SLIA-ER)
PRINT OF OP03SITE Of PRINT ON toEFIULT) :ALL PRAH(IKEy.1.0I
nARS CALLING PqO;RAM SHOULD HAVE LABELED C3M40N 99 jA=lO

CDNOIN/KPRAPSU/wDRDtg).nUNC?22) %V:X
TH-IS ENTR

M
Y ILL BYPASS CARD RE~AD AND I CALL PRAR4(x(NV).Nv.jA).RfTjRNStlB.2E)

INTERPRET THE ARRAY WORD IN COMMON.
ARIUAENTS TO THIS ENTRY 'OINT ARE THE SA14E GO TO q9
AS P4AM. 20 JJZX

P~ALL PqAJN(TVvNN.JJ)
OUTPUT NV:Av..1

NV = uNqRER OF PARAMETERS THAT WERE FOuND (REST ARE SET TO ZERO) JA=1C-NV.1
FVAL-JE =ARRAY OF FLOATIVNS POINT PARA4ETERS SO 73 I

CIAMSF = NON-STANDARD RETURN IF A : t FOR DATA CDRRECTIPA ) IS 11 coNTlINUE
FOUND :N THE DATA STRIVO. Eye

SPECIAL N ON-STANDARD RETURN IF A KEY WORD ( SUCH .S END ) IS EtAMPILE. .OATA
rOUND STARTING IN COLURN 1. NV IS RETURNED ul:H THEC EY WORD
'JU41ER A43 FYALUECI) IS RETURNED bITv THE KEY WORD. 11.12-.13-1.!.5919C
THE FOLLOWING HAVE SPECIAL FUNCTIONS AND MAT NOT BE USED AS s
KEY WORDS. ALL EXCEPT PA4 SHOULD START I% COLUMN 1. 16.017*1801920

PREV RETURNS pqrVIOUS VALCES IN ARRAY FVALUE ENO
REPARK PRINTS REMAINDER OF CARD AS COMMENTS
PRINT ON PRINTS ALL FOLLOWING INPUT CARDS ON OUTPUT FILE REFERENCE
PRINT OFF TURNS OFF PRINTING OF INJPUT RECOIZDS

177
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TABLE C-2. (Continued)

LOIIC'L N!,? 'Vt.. a., It1' '4. JI'i~ .7. I-CA.Ct-

10C04i07I% JG1,.l,2-.; OL1*J 5L/..C zIz2 a2.' 215 

23* LIS CLSE'A. zasJ.,
2 7

J! 0 1 -775 6
ZC5 so8 ~ 16 '5 6

215 16 12 '1631 ~
Ill87.iQ1 s I- Z.75 67

22c 54 .%E j &a 10 10*1. 11' S? 4 '1 1( -~ 2--c - 68

Is5 1 80 1g&sl Z167C I.-* S1:18005*1S 4282.4 .: j 1 ,* I

1: - 21 fi3
1. 1 47R25fi 2'LJ(J J2 14: zs is

?-1' Is q TLSE A: E& %'lTlt*T A 7-5 26 10 1117 3. Il' IT~I ~25 7
8A24188T3 338.gJ. 71Z:25 22 £C j .1. a~' %0* 1'41. -Q;~ 7s 7 1 7

105 13911 8.~"' 12 ' 2 25 24 2 t '2 170.1 715 74

100~li 80:E .81.1 3 ;1 10 1515 5 210 825 8
110 50123 .O1.I 1.0409J) 76 1 01 122 1 3 1 0" a 1 _5 9

72 10 1 20 3872 C:o8o A'' O jE: 2.5 6

LI I aA01 0 1 jZ IS .oU(. 9is:-! ZAtosSA I' 1.514 1.. 775

8t 23F 85 is17 -. %49 a-Z

'Vt 81 1" " 77. '0Pa o 315 t4T 1 1* 3C - ,TE W L e

2IS T1 4 U1. 75 87 378 22.. Its 42 4,0 15

16 ?00 .0.. 087 FF1 60 TO~1 2:5 i' 9 ,St, 1(2*3.0*84 I 0 11*S at
L5 S, 108 * 04W

I L tZ~E 7:57i

ii 1:F5: 33U 2
IT ma~* YAs tIzs21

TV U34-2 EZ -4v1 -T% Q oTC35T
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TABLE C-2. ":oncluded)

330 C07TINJE 205 103
IFf A(J2).NE#PERIOD) GO TO 370 205 101
x1o =. I205 102
310 =0.1, 205 103
GO To 360 205 104

34t0 VALUE =VALUE-xIO # xvCJ).D1) 205 10t
IF( DlO.LT.1.0 ) 010 =310 - 0.1 205 106

360 CONTINUE 705 107
705 108

370 FVALUE(JJ) =S1GI~fV&LUEvASIGN) ?025 109
Nu Tjj Z05 110

400 CO%TINJJE 205 III
c 205 112

999 CONTIMJE 205 £13
IF( MV .NE. 0 ) SO TO 998 205 114
WRITE(JOUT*902! 205 115

90? FORNIATC- YOU 010 NOT ENJTER EYJORD04O NJ4EQIC VALUES -TRY AGA14*)Z05 116

C O TO 10 205 117
398 IF( NC4ANGE #NE* 0 3RETURN CHANGE 205 lie

c 205 119
qETUR4d 205 120
E'dTRf PRINT ON 205 121
LIST * TRUE. 205 12?
RETUqN 205 123
ENTRY PRINT OF 205 124
L'SY .7ALSE. 205 125
q. *URN Z05 12h
E'4TRY OPTION 205 127
READ 905* 4001) 205 128
ENTRY O.'T!UNS 205 129
VOPT =1 Z05 250
GO TO la 205 131

C CHANGE INPUT 71LE NAME . EX CALL PRAWI'it SLTAPES I 205 132
ENTRY PRAMIN 206 133
FILEIN =FVALUEt1) 205 134
RETURN 205 135

c CH4ANGE OUTPUT FILE NAME 205 136
ENTRY PRAM0UT 20! 137
FILZOUT PVALUE(1) Z05 138
E40O Z05 IV$

179
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TABLE C- 3. TRANSLATION INDEX ARRANGEMENT SPECIAL PROGRAM

PR0000" *AIN 74174 057.1 FINe 4.6.419 DoA/?i/s 10.13.9t AS

nIN RSON A0Y1100,.1

4 EA0 (S.0) Q';ARRYtI.I., AQOAY(.Z:

If (?O~fSl.4E.0.l 00 TO 20

1)CALL. SOOTLAI O~.0.E2...O

2000 FOP-AT (PAID)

.RITE 16.200.) 1, 4056Y(I.l1. AR5*7(0.2)

,1001 500001 (IK.l6.2l.AIO.PX.A0

VAO000I.5 S4 TYPE RELOCATION

6171 1. 632lJ 10707

- 1- i t -- --- ? out 0-7,wo- - -~-tt - IT P015- -ya'5 fSW?- - -

41'0 740E9 FOT

EYVE04ALS TYPE ARGS
- SOw _*?

0
t7 SOMA q

0 10 0 1% 617% V-0

LOOPS LA4E ( NP I15 FROW-T0 LENGTH PA0PERTIES
*TW- . I I- -- r- 113f l ~ 7 t? tlt5S~ RE -MTV

6210 1 11I 11 040 EIT REFS 4OT INNER

STATISTICS _________________
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TABLE C-4. LIBRARY SUBROUTINE SORT

SORT(I( 061 1 "'I 'R- ,4 IETd. %%C, '.CI %'CO IR'
THE ASCE%31%6, DO- CRC3 YA IS AS FOLLO.S.

mI IS R CIC .IILL 1W6 A ? O 1"C10!SO%-L AR-AV CO%TA %160 V Ai Z 0 1 2 3 4 5 67 6.-
6JqC~1C 0£ AL

1 
A6UICTI DATA AI)~6 IT ACCO6OI%G 10 SOMEISr1A6.

E')C~soo6: *-. V .60 41 %AIS AVAILA3L AI < > a .

CA LL S111 T1,1(%A. * R 1 0 SOO 6VC ,I CAL A SCE N260
CALL A0T~IA.I,. SOtSOO L 0 tSCC6OINiG ASCII (OJEVCE eL AV< ) - 2 S A 4 1 1

T65 N0MAIAC IL So 4T CONSIDCOs THE S11% A\O MAGI I UDC OF A 2 345 6 7 S9 1 2 > Ae8CO0C
SI'-5L, 60 &17 1 A. F 1V 4 9L 0 GP0AST V I .

A LL SOOTLIA6. .. I SOOT OGICAL ASCENDING c

CAL 6~1LlA~l, .. ) SCRT 1LOSICALCSCE%O160
T.4E LOI1CAL SOOT IS ,so AL'AJCI 1 0TA AND H 165 * DRI m-S, NOT FkE JSC'.1t"S 13 A CO-6O'd

SORT co-isf)(As 1 01 vIOAL .IITACtCTS A %0 HAYTEN 1 0 V.4
404: T A 40r R 0. ExAPL . . .vrC,* A LOCIAL* ASCENDING Sol 1 0% 1"(5 LAST 5

C6APACTEC0 OF .03I A I T4 'pSI 0CHARACTERS OF mORD

I 'PUT 0%zIF.3PI 1ASOS ~ AI.l117 A3 J1.3.
I VA A4RAY TO 3E SOATC. 214ENSJ0h AS NAPTIO.LCOL)

C 6 0. 'I- or NAI II LALL6G PROGPAR. -TO A ! %
3 0 E \0C F 6C, TO AC 0 0T0 REJ4 SoA113E

vi , p ' 0 F CO Lj,%S tO 10 3E S R;. IN .E. LCOL)
ALL DADRS OF 61I. J) '0 4J ...1. 09 hILL %01OE :5ALL SALIA1,..I6T
OSPOSITIOSCO 006161 A SOOT.

S ~ ~ 0 -C~ PO 06 OR')JS~I OF CIST .0 0 THE
FIELD To 3C SOOttD. AAAAAAAA WAOPIIO45 7<O0
F ORt SORT Oq. A COLUMN N&'lRCTf) 16.2 NAAAAAAAA AADOO723: E.T6TDA6C

*FO 4 SORT 0% A TIC 6AJNt£, T. .6 A AAACAAA& a 3006?365 S 94CIAA)E
LD-ICAL SONTS OSLY "'" AAAA AA-11052345 filbSSA0C:
A %SC STA ITIN4G CAAlO 1 -10 65.. C-A4 ARE LEFT YC 60TAAAAAA AADD242345 f,7CITFA eC05

, P N:, m1c6 o~ CON:TT :AATR To ME SIRICO. AAAAACAAAA AA000CIOA5SA)OAA,0C
9 'SEO *5 =C0O BIyANT YO AAAAAAAAA AAOC022345 67060ACC)

=I FI1 ASCII 3.7
AFTEN TtAON 36 A CONTAINS

A\4 166-dY ARRAY Slq'EO AS DESIREO. AtA&AAAAAAA IA1^OI?3%5N A, 5ITACOC
/AAAAAAAA A.0002?'IS $709. 9CiC

AAAAAA AAIcOAOA6 "7ICAO44AAAcAAAA AAOA22,A .7B" T8oC

AA1AACAA IAC01626' '7OA c Oc

AT.RAAA AA CAoo12 34 5 $7890A0025

I' (1656CC
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TAL C-4 (Cotined

t^ t 11(t E

5 1 ': 15 5

7V

C~~~AL 0-4. (Continued)5. s. 5

'IT0J'\ 07t q3. .2 ?N1 SY. *1: ,:- 1777 "1 S7 t 64I )'* 7
SC 2s a7 I t 7 10 10 -0(5 53

LLG24 FALSE. 1135 41 rA.. $2 G

L *V .
t

-iE. S:5 93 1F/ , ar 2$ £

77 70 is 1' !3 2772'tLav S 2 405 66

E VT $3 5 77 2OILS 7 20 2' - 7 S $77 71 1to. 23$. 207 $05 $3

LRE v AL *)4SE 75 2I J'' SOS 115
I7 : I2 25 217 rS&5 TO ' SOS 66

77To 3 SP5 7260 7
E'T~ 5071 51 2? 2.0L SOt 21s - W3 T I3 16v 263 7 £
L674 z TqJE t. 505 28 0 1'cSO $ 7
Jr I 2 S75 29 I0 I0 $05 70
73 70~ z - 57 5 2$ If( %LiQ -fH~ VIIr S05 75

MCI NCO S$ 22 20.5 I.- SO IS4 $5 7
5 2OTIJ $05 03 IF( '4401 $7K-'-lS5 7-1

*ILto 2 030 447S 29 IF( 51. 7 A~iK 44O.s 441, 1 .4 SAS 7543S$7 05 so 1-3 *P 01os 7
<47 : S~ 05 27 'L I7 7'l8~ 35 R

6 8 -( S0 55 29 295 C 2 3% *&114 Vi *013-.4 $05
N L S ss 1. 775'lsJE $75 RS

.t N t S 7. .£$5 32 I' 5t 14-.t 7* )05 oS

84 0 05 36 327 J=Z."% $75 a87
GO TO S 05 !7 1'( NL ) SD TO 305 S05 08

I 47 = .AtSC. 4$341'l('.;f( VAtKET.J).%At(Ci.J-!I 1I 20£. 7$0. 207 l(0$ 49
Z. :F*. 00 S5 39 205 Ift Xl501( "AtJ.(tYt, VACJ-I.(LTtl 106. 22t. 207 SOS 1
4 Sol 57 0 206 27 F ( O~v 1 220 . 21 0 $75 91

O8 4 5 15 . 207 1'( 1A54 ) 210 , 220 $05 52
3 2316T16U( S05 *2 20G %4- .7 93NR968 t T q15 '3 1 5 9*

30 20 1 S.4 505 *8 '2N.1 903. 4787. %I SOS 95

j ' 0l7 I IS 05 46 q(2.78% $75 97
LAST z K2 SO$ *7 220 23404.7 I i-SO 98
01 8 "L 1 0 TO65 s0s '8 370c 40 ' ;tSO 9 9
I., ,D'*( a _. 14,NAK .JI.4A8(KE.(2) I) 66.. 200- 67 00.5 *9 ENj SOS .00

£5 IF(530440( 48tJ.t27746(K2.(EYI 10 64. 200. S7 $4)5 10
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TABLE C-4. (Concluded)

FUNCTTI K OMPARF. NJ N 2 S05 1
THIS FUNCTION IS Lt AO Y SJ3ROUTIVE SOQ7. SOS 2
C'A4O\' /x.SORTX/ LQOG, *NSC. dC*49 NS., L D IRD SOS 3
3ItvSIO% v1W)s N20') SOS 4
LOGICAL LLC'. LO; S05 5

S35 6
IF( LLC5 ) G~ O 100 5G05 7
IFf 41(j) - 'J'(1) ) 20s 3C* 40 Sfl5 8

20 NBRAiC~i =-1 505 9
sC TO 50 S0S 10

30 NIA'NC4 1 5 05 11
GO 10 to 505 12

40 N9RANCi = # SO5 1S
50 D4PARE N3RA'JCH S05 14

RE-TUR' S05 16
C S05 16

i00 IF( LORD GO TO 130 S05 1i
110 KOMPARE WTnOMP( NSC. V~1 ISCO NP2 s NC4, NSEO S 05 18

QEIJRS05 19
S05 20

130 J = I 0O 21
NJC =10 S05 22
JC11 NCh- S05 23
JSC = NSC S05 2*
IV( JSC - 1 ) 1409 140, 150 SOS 25

3*0 IV( .JH - 10) 110, 110, 170 SOS 26
150 IF( JSC#JCH-11)1109 110. 200 S05 27
170 IF( WTCOMP( JSCv N1(J)' JSCN2(J). NC9 tJSEG 1 209 180. 40 S05 23
IF'0 JCH =JCH - 10 SC5 29

JSC = 410( 1. JSC ) SOS 30
J .J * IRO SOS 31

190 IdC = 410( 10. JCM ) SO5 32
IF( NC 3309 30, 170 S05 33

200 NC =11 -JSC 505 3q
JCH JCH -NC *10 S0S 35
50 TO 170 S0S 36
EN $05SO 3?
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EXAMPLE PROBLEMS
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Five example problems that have been aggre- and jndge self-evaluation ratings without a minimum

gated by the computer code are included in this self-rating threshold.

appendix. The examples were selected to present a

representative coverage of many of the options avail- Example Problem Number 4: Aggregation of com-

able. All of the examples are for five judges rank- plete proje;r sublists with multiplicative ctights

ing seven alternatives. The examples are briefly and judqe self-evaluation ratings and with a 40 per-

described as follows: cent minimum self-rating threshold.

Example Problem Number 5: Aggregation of

Example Problem Number 1: Aggregation of complete project and one requirements sublist,

complete lists of unweighted projects. unweighted.

Example Problem Number 2: Aggregation of The input run control and data cards for all

incomplete project sublists which have been five example problems are listed in Table D-1. The

synthetically completed and multiplicatively key inputs are again listed at the beginning of each

weighted. example problem output. Example problems 1, 2, 3, 4,

and 5, outputs are on Tables D-2, D-3, D-4, D-5, and

Example Problem Number 3: Aggregation of D-F, respectively. The first pages of Table D-2 con-

complete project sublists with multiplicative weights tain the Load Map for the computer code.
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TABLE Dl-1. (Concluded)
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TABLE D-2.

TE'1NOLO"Y PLANUlI.G PIORITIES EXAIIPLE PRO'3 NO 19 5J XA* COftPLETE, ttO WEIGHTS

NWr: o NPtfPi= 'I 4TYP2= 0 14ATR= 0 TH~omfl. e- NPRIN.- 9----- _______-

INPUT REAO 1*4 PR3 JECTS

I40lEX ELEr4ENt MA'E WT CAT -- - - ---- _ _-

1 PR0J A 0.
2 PROJ 8 0. a
3 PROJ 11 0. 0

4 PROJ 0 0. 0

o PROJ E.
6 PR"6 0.F

PEfJu 0. 0

-- =rT-7 -



TABLE D-2. (Continued)

EX4HPLE PROO 43 1. 5j X?A, COPPLETE. NO IEIWNS

JJ)GE I JcOlV * 0 JUDGE ZI1GHT x 0.0 JSS VALUE LIMIT . a

TOTAL 43R~ ALT ? q. THIS JUDGE I

-JU0GE 2 SCOqV 0 JUDGE WiEIG44T - 0.0 JSE VALUE LIMIT - #

-404AL Me4ALT. F f-NqTfIS JUGGE .2 ~

T7 2. 1. 3 I 6.- 5

JUDGE 3 JCO4V - JUDGE WEIGHT - :.Z JSE VALUE LIR!T x a

TOTAL N8;t ALT M R THIS JU3CE = 3

JU961E JC04iV a JUDGE WEIGHT * 0.0 JS-' VAL.UE LIMIT - 4

-T4fft-WOR ALT? - M R THIS JUDGE-.-- ------ ____

JUDGE 5 JCCVV S - JUDGE HEIGH4T * .. JSE VALUE LIMIT 0

TOTAL NOR ALT 7 MRN THIS JUDGE z 5

------.-- P-4 - -1 -5 s-7-w 6 --- -______ ___________
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TABLE D-2. (Continued)

SUB-LIST FRE20ENCY 4ATRIX EXAPLE-MS0 NO 1, 5j M7A, CO"IPLErE, NO WEIGHTS

JUDGE 1 1 2 2- 3 3' 4 5'2 6 r 7-

PROJ 1 2 3 4 _ 5----7--_ _

I I 0.0 1.9 1.i0 1.0 1.0- 1-.9 1. e-

2 I 0.0 0.3 1.0 1.0 1.0 1.0 1.0

4 I 0.0 0.0 0.0 0.0 1.0 1.0 1.0
5 1 0.0 0.0 0.0 0.0 too -- tz0--- 1.0 ~-- ~-
5 1 0.0 0.0 0.0 0.0 0.0 0.0 1.0

7 I .. ' . ~ *.u C~i C.O j.0

193
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TABLE D-2. (Continued)

-59t--S-FfKQU _NCf 4AT TXI X --- E*MIPLfE -PRO e-4.6-+,- -*?A, -COhp TE?--No4 VE IG4s

--- -- -- -- ----------3 --- ---

-- i*-----.0 0.5 .5 0.0 1.8-- -0--0- -
2 I 41.0 0.0 1.0 .5 1.0 1.0 O.
a -*-- 0-5 f... * .- . : * -le 1. tw 0.6 -_

4 1 1.0 .5 1.0 0.0 1.0 1.0 0.0
5 i e.0---0 as #9 -0.0 0.0 -0.0 0.0
6 1 0.0 0.0 0.0 0.0 1.0 0.0 0.0
Sf 1~~1. -iw 1.0 t
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TABLE D-2. (Continued)

-StO-LIST-FREQUENCY 1ATRIX -EXAflPLEPROS-NO 1,-5J WIA, CO"PLE!E, NO WEIGHrs

-IUDDGE3-- - 3 > 4 =5' 6 )1' >

-PR0j-- 1 £ - -3 - -- 6

---t--! ------1.-00 -00----- ----- 0--- -- ~~ -

? 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
--- 3 1 1t-fr- 1.0 0.0 1.0 1.0 1.0 1. ------- -

'4 1 1.0 1.0 0.0 0.0 .5 1.0 100

BI 1.0 1.0 0. 0 0 0 0.0 0 .5
- I---- I o 1. .0 Di0g -0.0 0.0 .5 0-.--------4- ------
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TABLE D-2. (Continued)

SUB-LIST FREJUENCY 4ATRIX EXAMPLE PROB-NG tv SJ X7Av COMPLETE* NO WEIGHTS

JUDGE.' 1 3 7 1 6~ 2 3* 4~

PROJ 1 2 3 5 .6-- -- - -

1 ,L~. .0 1.0 1.0 1 a 1.0---
2 1 0.0 0.0 1.0 1.0 1.0 .5 000
3 1 0.0 0.0 0.0 .5 1.0 0.0 0.0--.- *-- - ---

4 1 0.0 0.3 .5 0.0 1.0 0.0 0.0
5 I .C. ;; 6D s. v 0.0 -t &0 t ---- ,_____----.-

6 1 0.0 .~1.0 1.0 1.0 0.0 0.0
1 0.0 1.0 1.0 LO0 1.0 1.0 0.0 ------ - ---
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TABLE D-2. (Conti.nued)

SUB-LIST FREJUENCY "ATRIX EYA'IPLE Pcf No 1, -SJ XA, COMPLETE, NO WEIGHTS

JUDGES 5 4 -3l 5 3,7 36

pq40j- 1 2 3 4 5 fr-? _- - - _

I I 0 : 6~ :.1 0.0 .5 to- 1.0e
2 l 1.0 a.-J 0.0 0.0 1.0 1.0 1.0
3 1 -1.0 1.0 0.0 0.0 1.0 1.0 1.0-

I 1.0 1.] 1.0 c.0 1.0 1.0 1.0

a I 0.t] 0.0 0.a 0.0 0.0 0.0 0.0
7 1 0.0 0. 0 0 0.0 0.0 1. a 0-a 0
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TABLE D-2. (Continued)

-SIfMED FREQUENCY 4IATRIX -- EXAMPLE PRO'3 NO 1, -5J-)7A, COMPLETE, NO WEIGHsTS

--UD #E IN*3IFFERENC:- EXISTS ---

- A #~ - 9 R A -- - - - ----- ---2 - - - - - - - - - - - - - - - -- - - - - - - - - ~ - ~ - _ _- --

- -("-0- 1 1 0.0 3.0 2.5 2.0 3.5 4e.0 3.-
4.& 2 1 2.3 ;. 3.Z. 2.5 4.0 3.5 2.0
0.*0 3 1 ?.5 2.0 0.0 2.5 5.0 -G 5.--~----- -

9.0 4 1 3.0 2.5 2.5 0.0 4.5 4.0 3.0
---&4 0- -5 1 - 1.5- 1.0 0.0 .5 0.0 - 3wo--wO-- 3.9_
-14*4 6 1 1.3 1.5 14Z 1.0 2.0 0.3 1.5
-1.0 1 1 2.0 3.0 2.0 2.0 2.0 3.5 0sO-

AOJ BOROA 4. 3 1 2 7) 5 6
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TABLE D-2. (Continued)

CO'IPUTED PREFEREN'S nATRIX -EXAN4PLE PROS tO 19 51 xA, COIPLETE, NO WEIGHTS

sum 1 2 3 4 5 6 7 -

I * I ---- .:------ -0. ---- ------ ~-- ______- ---- --

z. I 3.j tL. .5 Loo 1.0 0.0
4.0 3 1 .5 0.0 0.0 .5 i;0- -1.0 1.0
5.0 4 1 L.3 .5 .5 0.0 1.0 1.0 too
Z.0 5 1 0.0 0.0 0.0 0.0 0.0 1.0 1.0-
0.0 6 1 J.; -. Ml ij.c coo 0.6 Goa 0.0
2.0 7 1 0.0 1.0 0.0 0.0 0-.-- -1 a --- a0- ca - --- ~- ---

PREF 42 1 1 3 2 2 5 7 31 6

NUPISER OF FRACTIONAL SJ4S= 2

OW1ER N= 7 KENDALL 0 = 4.00 ZETA .?143 PROS THAT RANK ORDER NOT CONSISTANT= .03335714

RANK 3DER CO4SIS[A4T AT oC5 LEVEL
RANK ORDER NOT CO4SISTANT AT .01 LEVEL ---

UPPER N= 7 KENDALt 0 z -- 5.00 -ZETA - -j4F9-- PROO TH~AT RANK-OROER NOT CO*S-S-TAtT .9 es-

RANK ORC'ER NOT CO'4SISTANT AT .05 LEVEL
RANK ORDER 140T CONSISTANT AT .01 LEVEL

AVERASE N: 7 KENDALL 0 z 4.50 ZETA 0 6766 PROS THAT RANW ORDER NOT CONSISTANT =.0512142Z9

RANK ORDER NOT COVJSISTANT AT .05 LEVEL
RANK ORDER NOT CallSISTANT At .01 LEVEL --
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TABLE D-2. (Continued)

NOMOiI*ZED FR -2UE4';Y MATRIX-FUZZY EXAMtPLE PRO4 NO I, 5J X7A, COMPLETE9 NO WEIGHTS

-1 2 3 '4 s 6 7

3 1 5 0.0 .5 1.6 .8 .6
4. 1 .6 .- , .5 0.0 .§ .8 .6
5 1 .3 .? 0.0 .1 0.0 .6 .6

SI .2 .3 .2 .2 .4 j&V .3
- 1 4 on~ .. .4 04 .7 0.

F i~) .407

-CfR) s 593

PROJE^.r 1 3 4 5 6 7
FUZZY RANK1 .80 .80 .80 1.00 0.00 .40 .80

FUZZY u 3z 1= 7 3,6 i 5
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TABLE D-2. (Continued)

C041.ORDA1ECE SUMMARY SY ELEMENT EXAPtPLE PROS NO 1. 5J XTA. CO'tPLETE, NO WEIGHTS
I.*IWEIGNTE-3 ESBLSTS

1 2 3 4 5 6 7
JJOGE- -----------------------------------------

-JUDGE I I -1.0 2.0 3.0 4.0- 5.0 6.-t -0- ---- -

JUDGE 2 1 4.5 2.5 4.5 2.5 7.0 6.8 1.0
-JUDGE 3 1 6.0 7.0 1.0 2.5 2.5 4.5- 4.5
JUDGE 4 1 1.3 3.5 5.5 5.5 7.0 3.5 2.8
JUDGE 5 1 4.5 3.0 2.0 1.0 4.5 7.0 6.0 -

---- ----- 16 ---- ---- 5------------.----$ 5--- ---- ----- - -

MIEAN 28.00 SU49 OF DEVIATIONS SQUARE- 134.5,m-~--e

SUPI T- = 3.50

*--(ENOALt-S COEFICfT 0OF-CDOWORDANCE---- .~----------*-?-------- --497- - - -

-RANK-ORDOER NOT COnSISTAtNT- Ar 05 LEVEL. CRITICAL S = 276.20
RANKI ORDER NOT C014SISTANT AT .01 LEVEL. CRITICAL S = 343.80
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TABLE D-2. (Continued)

-eONeRBANCE SUm* 8--f fELEMET- - EAMPLE PRO NOG 1w 5 -KA--GOP-T-44-0-I4TS
UNidEIGI4TED suaLISTS

1 -- 2---- 3- -4 5-- C - - --6- - -

JUDGE ----- ------- --------

418RAI ---- 3-I- a 4--2.-g jl- 6.a ; .3 5-3
PREF I 2.0 4. 0 3.0 1.0 5.5 7.0 5.5

RJ S* 8.~ 5.0 2.0 11.5 1406 16.5

MEAN 5.00 SUN OF DEV!ATIONS SQUARED = 196.50

son T .50

'CENDALLS COEFICIENT OF CONCORDANCE 0 977 N 2 N =7

RANK ORDER COISISTANT AT .05 LEVEL. CRITICAL S z 97.80

R~AN ORDtER- -CGN fST-&*F -AT --*1 tEVPEk- CRITICAL S 1"~.3
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TABLE D-2. (Continued)

ONCOROAMCC ,UnAKIyV EV-EtENT -- ENAA.LE P~B~I Jx~-o~tr.NO WEUN"Ts
UNWEIGHTED SUaLISrS

JUDSE-- - - --- - -
ADS BORDA ! sev 4-0 2#4 1.3 ba3 7.3 SO3
FUZZY 1 3.5 3.5 3.5 1.0 7.0 6.0 3.5

R(J) 6.5 7.5 5.5 2.8 £3.0 13.0 8.5

MEAN z S80 SUM OF DEVIATIONS SQUARED = 95.33

SUM T 5.03

ICENDALLS COEFICIE4T OF CONCORDANCE 0 931 N 2 7

R8&NK ORDER NOT COISISINif Ar a05 LEVEL. CITICAL S =97.00

R4NK ORDER NOT ;CO!S!Sft~f AT 091 L:EVEL. CRfTICAL 5 = 13*.0
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TABLE D-2. (Continued)

COmCORDAMC SUNRw -EtNE#4 O- ELEME t EXAMP E-POW -NO 1. Si ?Av-GGIPIATEv 140 WEIGHITS
UNNEIS#ITEO SUBLISTS

- -- -1- - - - - 3- --- _ _ _

JUDGE- -- - - - - - - - - - --- - - -- -
'"icr i 2.c 4.0 :3.0 1.0 5.5 7 C 5.5 -

FUZZY I 3.5 3.5 3.5 1.t 7.0 6.0 3.5

R(J3 5.5 7.5 6.5 2.0 12.5 13.0 9.0

MEAN = 6.00 SUM OF OEVPATIONS SQUARED 91.00

SUN T = 5.58

KENDALLS COEFIZIENT 0 :CONCORDANCE * 901 is 2 N=7

RANK ORDER NOT COISISTANT Ar .05 LEVEL. CRITICAL S 97.21
RANK ORDER NOT CO SITf4T Ar I6 LEVEI CRITICAL 11 - so~

204
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TABLE D-2. (Concluded)

_________ -- tex~t "put~ 1-,!jX*-caan~fi -0-iEGfTS

PREFERENCE RANK ORDER SUNFARY

ELEMENT INDEX UANK ORDER
-- i 3 -- ~- 30 = -7 -3.--6--------- -____________

RANK PROJECT

-PR*3J 0

2 PROJ A

3 PROJB

5 PROJ8

p PR01- -f
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TABLE D3-3.

-Tf40t0~YPL~NV4 ~fRITE5 --- EEmIpLE P't0I-NQ -21 -SJ X W4NOP~64UEIGHTS. SYN CO'4FLETION

INPUT READ IN PROJE;TS

t LP93.i - -- ---* - -# -_____ -

2 PROJ 3 2e

a' pROjD 1E

6 PROJ F 0.

O END co 0

206
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TABLE D-3. 'Continued)

EXAMPLE PRO-3 NO 2. 5J X ?A.INCURPLETE.'4ULI WEIGHTS, SYN COMPLETIONl

JUDGE 1 JC04V - 3 JUDGE WEIGO - 1.0 JSE VALUE LIMIT 10I

TOTAL NOR 61.7 7 HR THIS JUICE * I

I' . ? 3' 4. - 6 1 7------------ -- ---

JUDGE 2 JCOIR 3 JtITT.E WEIGHT * 1.1 JSf VALUE LIMIT - 5

TOTAL NORALT - 7 HR THIS JUDGE. ?--- -~----- - -

7 . 2. 1' I

SUSLIST IS ,ZH.O

JUDGE 3 JCOlv 3 JUDGE WEIGHT * 4.0 JSE VALUE LIMIT. 4

TOTAL NOR7 ALT M R THIS JUDGE * 3

SU3LI.St IS IH--olPE

JUDGE 4. JCOqV * 3 JUDGE WEIGHT 2 .0 JSE VALUE-LIMI-. -10

T3TUL NSR ALT Nq H THIS JUDGE 4

I' 7 5 Z~ 3- 4 ) 5

JUDGE 5 JCO4V 3 JUnGE WEIGHT I .* Jie VALUE LIMIT * 5

T3tAL NSA ALT I HR THIS JUDGE 5

207
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TAB3LE D-3. (Continued)

SUBL4ST- FREJUENCY 4AT:Zlx ExAt4PLE-PROB-NAD-2-,--64---A-,NG0MPtET Et KULT WEIGHTS* SYN C'OIPLETI0N

jU G -- - 1 3- 2 2 3 4 3, 6 -7

--- i-I. ------------.-- - 10 -.---------- 10--------- --

2 1 0.0 0.0 1.0 1.0 1.0 1.0 1.0
Ow--8 -0 0---0---1 8 1-h#-.--- - -- _._ -

4 1 0.0 0.0 0.0 0.0 1.0 1.0 1.0

6 1 0.0 0.0 0.0 0.0 0.0 0.0 1.0

- WEIGitTlE-0 3t8-tIST FPE2UENCY MATRIX --EXAMPLE-- -PROB-ts8 Z, SJ X 7A,!lNCO"tPLETE,14ULT WEIGH4TS, Sf COMPLETION

----- ----- ---- -- 8---- - ----- ------------ ------ - -

2 1 -0.0 0.0 8*0 8.0 6.0 8.0 8.0

1. 0.0 0.0 0.0 0.0 4.0 4.0 4.0

6 1 0.0 0.0 0.0 0.0 0.0 0.0 16.0
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TABLE D-3. (Continued)

-S4J8-LIST FREQUENCY MATRIX EXAMPLE PROS N--2-j -5J X-7-,INCOMPLETEMULT WEIGHTS, SIN COMPLETION

JUDE 2 ? 3- 2 4 6 5 ) 3

1 2 3 4 -5 -6-------

- -"1 I 0.0 0.0 1.0 0.0 1.0 1.0 0.0
2 I 2.0 0.0 1.0 .5 1.0 1.0 0.0

-3 1 0.0 0.9 0.0 0.0 0.0 060 0.*1
4 I 1.0 .5 1.0 0.0 1.0 .O 0.0

6 I 0.0 0.0 1.0 o.O 1.0 0.0 0.0
7 I 1.0 1.0 1.0 1.0 1.0 1.0 0.0

WEIGHTED SUO-LIST FREQJENCY MATRIX EXAMPLE PROS NO 2, 5J X TAINCOMPLETEMULT WEIGHTS, SYN COMPLETION

JUOG- 2

PROJ 1 2 3 4 5-- 6 ? ... ... ....... ..

a 1 00 8,. 0.0 8.0 8.0 0.0
2 I 5o0 0.3 8.0 4.0 8.0 0.0 0.0
3 I 0.0 0.0 0.0 0.0 0.0 o.o 0.0
4 I 4.0 2.3 4.0 0.0 4.0 4.0 0-0
5 1- 0.J*iJ 4." 2*0 60 -0i-o 0tt- - -- --

6 I 0.0 0.0 16.0 0-0 16.0 0.0 0.0
r I 4.0 4.0 4.0 4.0 4.0 4o0 0.0
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--- ----------- ---------- - --------- ==- --

1 0*0 .5 . .5 *0 00 0.

z 5 C* * .io .~

-6EIt1-T S6UENCYS F~REQEC MTX EXAMPLE PROS NO 2, 51 X A,INCONPLETE,IULT WEIGHTS SYN COMPLETION

-- Jt0 ~3 4~ 6= 7~1 2

----------------------------------- ----------
-I 1 0.0 165 1.5 1.0 0.0 0.0 0.0
? I 1.5 0.0 1.5 1.0 000 0.0 L~.3
-31 3.5 3., 0.0 3.0 0.0 0.0 0.0
4 1I * . 5 .0 .5 0.0 0.0 0.0 0.0

- -1 1. 6*0 -1.0 15.0 1.*0 0. -0 -- 10- -

6 1 64.0 14.0 14.0 14.0 0.0 0.0 .5*

-I 16e 0.016 16.r 16.0 0.0 00 0.00

2 I 6.0 .0 1.0 1.0 00 0.210.

3 I3~C 2. 00 2. 00 .00.



TABLE D-3. (Continued)

SUB LS-T--FREJUENCY 4ATRIX EXAMPLE PROS NO 2, 5-3 X 7A,INCOM4PLETE.MULT WEIGHTS, SYN COMPLETION

-_Jft6E 4- 6= 2 3 4

-0.0 1.0 1.0 1.0 1.0 1.0 1.0
2 1 0.0 0.0 1.0 1.0 1.0 .5 0.0

-4 --- o.0 0.. 2.: .5 1. v 0.0jof 0.0
4 1 0.0 0.2 .:p 0.0 1.0 0.0 0.0
-4--- 0.4-- 00- 09-.-.0 v .Ov -4O-0-- - - - - ---

6 1 0.0 ., 1.0 1.0 1.0 0.0 0.0
f -- 0-6 -i I-* 1 .1. . 1. 0- ± -us&

-IIEZ-"rED SU13-LIST FRE2lUENCY MATRIX EXAMPLE PROS NO Z, SJ X TA, INCOMPLETE *"ULT WEIG4TS, SYN COMPLETION

--*jDGE- - --

-PO -- ; --- - - -- - -- 5- -- -- --
t I 0D 16.0 -16t.0 16.0 16.0 16.0 16.0

2 1 0.0 0.0 16.0 16.0 16.0 8.0 0oG
~ - ~ ,0 *o.f 16.0 32.0 0.0 0.0

4. 1 0.0 0.0 4.0 0.0 6.0 0.0 0.0

6 I 0.0 16.0 32.0 32.0 32oD 0.0 0.0
37- a.' e~ 8.9 Soo 8.l 8.l 6. .
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TABLE D-3. (Continued)

-5i3-tjIST FREQUENCY 4AT'RIX -E-XAMPLE PROS NOQ-4, -S X -7A,I44GQJPLCTE,MULT WEIG1NTSv SYN C0IIPLET ION

JUifjhE5 1' 3 1.?V I= 5 2 7~ A

£44-_ 2 -3 - 4 -5 --- 6-s?-
---------------------------------------------

-11 0.0 0.0 0.0 0.0 .5 1.0 I.0
1 It1. 0.0 0.0 0.0 1.0 1.0 1.0

--- 1 1.;; 1. : ... i.0 i~i 1.0 1too __

4 I 1to i.0 1.0 0.0 1.0 1.0 1.0
-- 5-1 .5 9.0 0.0- 84-6 -0w- +---------- -----

6 I 0.0 0.0 0.0 0.0 coo 0.0 0.0
- TI 0.vu 0. . .0 E.0 10 cG -- - --

WEIGHTED SUB-LIST rE~UENCY MATRIX EXAMPLE PROS NO 2, 5J X TA,ICOMPLETENLILT WEIGHTS* SYN COMPLiETION

-JUDGE 5

-PRSJ 1 2 3 4 5 6----- - - - --

I1I 0.0 0.0 0.0 0.0 4.0 8.0 8.0
2 1 8.0 0.0 0.0 0.0 8.0 8.0 8.0
3 1 16.0 16. 3*: vO 16.1 16.0 16.8
4 1 4.0 4.0 4.0 0.0 4.0 4.0 4.0

-- 5-I 2.0 0.0 0.0 0.0- 0.0- _4_.8 *.-a - ----- .-- ----- -____.--

6 I 0.0 0.0 0.0 0.0 0.0 0.0 0.0
y I %.;. . .G G .u 4.0 0.0
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UD -t-tFE E C - EX1---3- _ _ __ -

__________________- ~- - -- --- - = ------ --=- - - - --

36*0~~~~~~~~~- 9. 1 .00 4* 4* 60 4..3.

-20.0RO AD50 7 1 20- 38* 28. 26 12 24C O

36.0 9.,A 1 3 2. 00 4 00 3. ~0 3.

44r0 .5 2I 32. 0.8 46.0 s~e~G.0-23 6

920 30 3I 4.. 4. . 4u 6. Z0 3.

-'"43&.----49u,---4- A6.-~14.-- ~u4--Eu4 '46++~.G----8.SS

10.SE.EM=8. 60 00 1.0 00 240 2.



---...... - ----------- -- - - - -- -- -- --

1.- 5 Io -

2.0TBL a-3 (Continued)-8 .

RE ,1 2 3 4 = 5

2.5 2 = KEDL 0. 0.00 ET5 1.07 PR.0 0.AT 0.0ODRNO OSS 0638

4.0 3RE C4.5SA.5 A0.05 L.EVEL. i0
1.0 it - - 0.flSAN A. T i.01 LE.0 1. - .

t-2- :- ---- -- 0---1.84N AT-O -105 LEVEL0 ----- l-- - - ----- -- - - -

SERAG N= ? KENDALL 0 3*200 ZETA = .857 PROS THAT RANK ORDER NOT CONSISTANT * 017I287

ANK ORDER C04SISTANT AT .05 LEVEL
le-R --- co'IsIsTANT Ar.1LEVEL -

~~~~~.~~ T 'E AL = --- '. ZTA- -13---P0-------------Rr3rC~SS-MT-= 83371-

1C-O~ -O~SITAN Al 05 EVE



1~~~ 2

JUDGE~TBL 523 (Conti02.nued)5 40 6o

----- -E------------------------------------
RJ0E 10 i.0 23.0- 4.0S 2350--,-40 -- --

NEAR 20.00 3U4 OF DEVIATIONS SQUARED = 70.0

SUN T z 7.50

icENOALLS COEFI^.IE'It O= CONCORDANCE e 166--l- --- 4---- - -

RANKC ORDER N3l CO14SIST4NT Ar .05 LEVEL. CRITICAL S 276.20
RANKC ORDER NOT CO:4SISTANT AT .01 LEVEL. CRITICAL S 343.80
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TABLE D-3. (Continued)

,OROAN4CE SU""0AmtY 3v ELE"ENT EXAKPLE P909 NO 2, 54 X TA9INCOWiLETEs"ULT HEIGHTS, SYN COMPLET19)
U4WEIiI"TEO SU8LISTS

1 2 3 4 5 6 7
JUDGE-- - - - - - - - - - - - - - - - - - - -
43i $-BORNA 1 2.0 4.b 3.0 7.0 -.- 1.0- 5-.0--'- -

PREF I 2.0 4.0 3.0 6.5 6.5 1.0 5.0
---- ------ -----------------------------------------

R(j) 4.] 5.0 6.0 13.5 12.5 2.0 10.0

MEAN 5.00 SU4I OF DEVIATIONS SQUARED = 11.50

SU4 T .50

KENOALLS S OEFI^IEW1 OF CONCORDANICE 0 995 4 2 N =7

RANK ORDER COISISTANT Ar G05 LEVEL. CRITICAL S = 97.00
RANtl OWtER C04SISTANT AT gel. LfVEtk- CRITICAL-s- !-t9w4G ----- ___-
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TABLE D-3. (Concluded)

EXAMPLE PROS 40 2 1 S X TA,INCOWPLErEftU4T )dEIGI4TS, SYN C0lPL:-'r~Oh

PREFERENCE RANK OkDER SUMMARY

ELEMIENT INDEX ?ANI( ORDER
-6 - 3 3- 2~ - 4 5

RANK PROJECT

I- PRO J F

2 P,3j A

4 P: Oj

6 PROJ 0

-- -6- PROJE

2i7

J [ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



______________~~ABL D-4.________ ~i.I

tE4jL~ PLAn*4 PO*ITE -XKL PRO NO3 JX2*GPE~JO--SEFEA OTLlML

.4Wt 2 PTYI= 3 4-"YP2 0 ATR- I HLO04 0 tt~lt~z

INU ED14POET

3NU R c' ROET

1 PQOJ A *
2 PROJ E 1. 0 -
3 PROJ F 4. 0
I PROJ G 1. a
6 PINOj 0. 0
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TABLE D-4. (Continued)

fj3tf '3 NO2. - Ss j%_ WA:pt~ .7t I. ' ~ SSE3 mil.wtzl .

.Z;t sot .. 2~ ma *2 1.:: s k: ::.

-. R~ Nfl &? * A fps and -

.75 1." 3 '.1.t rS I--

.4s .1? .. : 2.91 1.Z 6 .69 .*t

JflS . 3. .S nSict ttIft la :.: VALU sass :-

284;TA *L 7 t TlS nZU. . 7

nsC 5538 * 5 hA? U?.? a. 51!*~u t1- C

:21st. ~ ~ ~ ~ 19I? -'. 8: u~

------44-4 2-t.2-

1.1 .7 ia z~ .7 14 p



TAL D4 (otiud

SUB-LIST r-EQUJE.:. l4tt~jy EIPLE POOR NOC 3. 
5

1 X ?*t.CO' tfTf.JU9r.E SELF EVIL V03' T.LCI.qtT wTS

JJ36EI 1 ' Z 3 . p 5 6' r

pit3i 6 7

3 I ., .. :.. 1.9 I.z 1.: 1.3

4 I 0.0 0.~3.2 r.B .2 . 1.0

S1 3.0 32 .2 .C .9 .3 1.0
7 1 -.2 2.2 .1.3 0.: L1.0 -. D.C

SUB-LIST SELF CI.1-Iftt1' FRECUEWCT !T~tIz E.AqOLC P20a NO 3. SJ f 7A.CC"PLET.JUO;E SELF EVIL 0ltfl 04O.M k1$

A13E 1 1'Z !' 2. 4. 5 6 7

P~i 1 2 3 0 s 6 ? -

ze Io ze'' ~ 7 .23 .7a
2I 3.00 0. 02 .4i .&C .6s.3c .90

3 1 3.00 0.2A 3.0.- .4c .40 .42 .45
41 0.0: 0-. . 2 0.00 .6c .68 .so
5 3.00 3.93 9.3 3.12 0.00 1.00 1.00

a .00 0.03 e. -3 0.0c C.41 0.5c a.69t

KXISKED St3M-LIST r* 24U:_CT 'ILTRIx PW-L 3 1~04C 3. S3 I 7A.CCRPLfTf.JtrlS4t SELF EVAL Eu, YLOVIULtT UTS

tOJ 1 3 5 6 7
---------------- - ----

Z.I . :.- .. j 6. 5 ........... t 1.E 1.6 Iet
9 .0 0.: .2 1 . 6.. 0.4 6.8.
C .2 0.1 3.0 4.9 7.46 2.4b Z.

6 . .3 2.3 1.0 3.2 01.0 16.0
71 0.0 0.9 2.2 3.0 0.0 1.3 3.0'
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TABLE D-4. (Continued)

Sue-LIST FRE200N2 4ATRIY EXAMIPLE PROG NO 3, 5J X ?A.GOA9LETE.JUOGF SELF EVAL Cm/3 THIt.MULT WTS

JUDGE 2 7 2. - 3.i 6 5

PROJ 1 2 3 C. 5 6 7

2 1 Ui. t' :5 0.6 1.0 1.0 0.0o
2~~~~ .1. . . 5 0 1. 00

3 1 .s 0.1 0.0 0.0 10 .0 0.0
C.1 1. 13 0.0 1.0 1.0 0.0

3I ........c i.0.,4
41 0.0 0.3 0.3 0.0 1.0 0.0 0.0

I 1.t0 1., 1.3 1.0 1.0 1.0 0.0a

SUB-LIST SELF EVALIJITIO'j FREOUENCY rlATRIY EXAI1PLF PklO NO 3, SJ X 7A*COMPLETE, JUDGE SELF EVAL WuC IMLOPIIULT WTS

JU)GE Z ? 2 z C. - 3 1 )- 6 5

PROJ 1 2 3 4. 5 6 7

i 1 0.00 0.01 .13 1.00 .20 .20 0.00
2 1 .40 0.01 .4.0 .20 .4.0 .40 0.00
3 1 .20 0.01 0.00 0.00 .40 .4.0 0.00
#1 .40 .20 .43 0.00 .40 .40 0.00

5 1 :.:.i 2.:2 . 0.Z :. O.'. 0.00 0.00
6 1 0.00 0.00 0.00 0.00 .. 10 0.00 0.00
7 I .50 .0 .So .80 .80 .80 9.00

WEIGHITED SUB-LIST F EQU_:NCY MATRIX EXAMPLE PRO43 NO 3, 5J3 X 7A,CO0IFLETE.JUOGE SELF EVAL C410 THLO1,IlULT lETS

JUOGE 2

PROJ 1 2 3 4 5 6 ? -- ---- - -

I .. J. .8 ... 1.6 1.6 .
2 1 3.Z 0.3 3.' 1.6 3.2 3.2 0.0
3 I 3.? 0.0 0.3 3.0 6.. 6... 0.0
4. I 1.6 .1 1.5 0.0 1.6 1.6 0.0
i 1 0.0 0.0 0.0 0.0 0.0 0.. f.,
6 1 a,.. 0.3 0.0 0.0 l0.0 0.0 0.0
I I 3.2 3.2 3.2 3.2 3.2 3.2 0.0

221

-T - 5-



AA~ I

Ld~

TABLE D-4. (Continued)

SUS-LIST FREJUE4N y 4ATRIX EX4NPLE PROS NO 1, SJ X ?A.CO,,PETE*JuOGF SELF EVAL (Wf'3 THLt0*.IJLT WTS

JUDGE 3 3' . 5' 7' 1 2

PROlJ 1 2 3 5 6 7
----------------------------------------------- ----------
11 0.0 1.1 0.0 0.0 0.0 0.0 0.0
2I 0.0 0.1 0.9 J.0 0.0 0.0 0..

3 1 - 1 . 1 0.1 1.0 1.3 1.0 1.0
4 1 1.0 1.1. 0.0 0.0 .5 1.0 1.0
5 1 1.0 1.1 0.0 .5 0.0 i.0 1.0
6 1 1.0 1.0 0.0 0.0 0.0 0.0 .5
? I. . I . :. . . L .. .6 0.0

SU3-LIST SELF EVALUATIO1 FREQUENCY MArRIK 1r.A4PLE PR08 NO 3, 6.a X ?A, COMPLETE, JUDGE SELF EVAL IWO THLO) .4lULT wTS

J1UDGE3 3 4~ 6'5 6 = 7' 1 2

PROJ I z 3 -6 5 6 7

II 0.00 1.00 0.00 0.6 .00 .0 0.00
2 I 0.00 0.03 0.00 0.0. 0.00 0.00 0.00
3 1 1 .j 1.0 3.. Z .2; 1.46 1.00 1.06
4 1 1.00 1.00 0.00 0.00 .60 1.00 1.00
5 1 .75 .?Z 0.00 .34 0.00 .76 .76
6 1 1.00 1.03 0. 00 3.00 0.00 0.00 .60
? 1 .5j .5 C. I ... t 2. .c 6Z Q0v

WEIGHTED SUB-LI1ST r012J9JCY MATRIX EXAMPLE PRO0 sO 3, 5J X ?A,COMPL ETE. JUDGE SELF EVAL (W/O TNLD) .M017 lTS

JUDGE 3

PROJ 1 2 3 4 5 6 7

I1I 0.0 32.0 0.0 0.6 0.0 0.0 0.0
2 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 1 54.0 54.4 l.. 64.C~ 64... 64.U 64.V.
l4 1 lb.0 16.3 0.0 0.0 8.0 16.0 16.0
5 1 12.0 12.0 0.0 6.0 0.0 12.0 12.0
6 1 6..0 64.3 0.0 0.0 0.0 0.0 32.0
? 1 8.0 6.j 0.0 0.0 i. 4.L. c.3
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TABLS D-4. (Continued)

SU3-LIST FouotNGY -MATO11 EXAMPFLE PROS NO 3, 5J X ?A,COMPLETE,JUOGE SELF EVAL. LWO TI4LC).PULT Wrs

JUDGE 4 1- 7 1 6' 2' 3 4 5

PROJ 1 2 3 4. 5 6 ? -

2 I 0.0 0. 1. 1. 10 .5 0.0
3 1I 0.0 0.3 0.0 1., 1., .0 0.0
4. 1 0.0 0. . 5 0.6 1.: 0.0 0.0

6I 0:. L5 1.0 1.0 1.0 03 0.

? 1 0.0 l. 1.0 1.1 1.0 ; 1.0 0

SUB-LISt SELF EYAL-UATION FRE9lUENCY MATRIX EXAMPLE PROlS NO 3, 5j X 7A.CONPLETEJUDG. SELF EVAL (IL/O THLLD),4ULT IS

JUDGE4 1 ) 7 - 6 2 2 ) 3- 4 3 5

PROJ 1 2 3 4 5 6 7

O1 .3.0 .6 O :, 60 .0 .6:0:.60
a 1 0. 0.03 .5 50 27 00

3 .00 0.00 0.0 35 .1 0.00 0.0
4 10.00 0.00 5 .2C 0.0010 1.00 0.000
5 I ..t:. L.0 J.. ...1 C.O. e .g.
6 1 0.00 .30 .60 .6u .60 0.00 0.00
7 1 0 .00 .4.1 ..39 .60 .50 .80 0.00

WEIGHTED SUB-..IST FREOUENCY MATRIX EXAMPLE PROB NO 3. 5J X 7A,COMPLETE.JUDGE SELF EVAL fW/l THLO(.MULT ILTS

JUDGE 4

PROJ 1 2 3 * 5 6 ?

1I j.. 9.6 3.6 9.6 9.b 9.6 9.6
2 I 0.0 0.3 5.3 a.0 6.0 4.0 0.0
3 1 0.0 0.0 0.0 11.2 22.4 0.0 0.0
4 1 0.0 0.c L.3 0.0 6.0 0.0 0.0
i 1 0.0 0.0 0.0 0.0 0.0 0.0 .v
b 1 0.6 9.5. L9.2 19.2 19.2 0.0 0.0

71 0.0 b. .4 6.4 6.4 6.4 0.0
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9,tO 1 1

-- - - - - -- - - - - - -- - - - - -

4..

SUB-LIST SF 2EVACI O- FR!EQEC MATRX EPL! PROB NO 3t 5J X ?ACOMPLETE.JUOGz SELF EVAL (W/O THL(3.4I LT 

JUDGE 5 4'S? -1' I 5'3-7 '6

PR04 1 2 3 4 5 6 7

I 1 .C0 0.0 3 . 0.3 .0 .50 1.0 1.00
21 1.00 0.00 0.00 0.00 1.00 1.001 .0*

3 1 .8 . .' .1 .0i ., .80 .0
4 1 1.0 x .0 1.;0 0.00 1.00 1.00 1.00
71 .50 0.0 5. 0.0 .0 .20 .20
1 0.00 0.01 . 0.0 0 0. 0 0. 0 0.0 -0
I O.Oi 9.0 a .. &. CI. 2. .4!

SWEIHT SELFIS EVALU'ON MAETRINX EXATRIB jAPLE NO3,SJ NO 3ACLT,J5U .OPEE.E SELF EVL (N/O TNLW .8UL.T T h

JUDGE 5 4 '2 ~5?
PR04 1 2 3 4 5 6 7

11 0.0 0.5 0.10 0.0 ".0 1.0 1.0
1 I .0 0.3 0.0 0.0 .0 1.0 1.0

3 1 1.8 .28 )0. 4.. 1.8. 1.6 1.8
..0 1. 1.0 0.0 1.0 1.0 1.0

-I .0 0.0 0.0 0.0 0.0 .0 .
6 0.0 0.0 0.0 0.0 0.0 0.0 0.0

r1I 0.0 0.0 0.') 0.0 0.0 8.0 8.0

2 I 40 0. 0.2 0.0 .0 8028.

3~ ~~~~~~~f_ f 281. . .0. 281.



TABLE D-4. (Continued)

SU44ED FREQUENCY IATRIX zEXA'IFLE PROS NO 3, 5J X 7A,CG4PLETE,JUGGE SELF EVAL (W/O TH4LO),PMULT W'

JUDGE IN!D1FF=RENC-- EXISTS

-- -EQUIY
ADJ BORDA ADJ 90')A 3 4 .3 6 7

-77.2 -19.3 1 I 0.0 43.2 12.0 1.2 .16.6 20.8 1 .2
-137.6 -34.4 2 r 11.2 0.0 17.6 16.0 25.6 21.6 14.4
*55.2 113.5 3 1 6... 76.8 C.0~ 8s.6 112.. 89.6 83.2

---21t.-2 -5.3 4 1 21.6 20.6 '3.6 0.0 24.0 24.8 22.4
-165.6 -41.4 5 1 12.4. 12.0 0.a 6.0 0.0 13.6 13.6
-- 72.0 £8.0 6 1 64.'] 73.6 19.2 19.2 35.2 0.0 483.0
-125.6 -31.4 7 1 £1.2 17.6 9.6 9.6 9.6 17.6 0.0

--"J- aROA 3) 6 3 43-1 3 7~ 2 3-5 -- --
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t_ I - -00- - - -G---~ 0. -- to- --- 0.0- --- too

100-- 210. Go 0. 0. . 0. 00

6.0 1 10 1. 0.0 1.0 .0 10 1.

SWEF 3 2 4 5- 6 3- 1 5 1

NUBE OF 0.ATINA 1.0S 0.a . . 00 0

N.0 2 KEDL 0. I-.0 0.0A 0.08 1.0q 0.0T 0.0ODE O ON .004

RA .0 3RE I 10 N 1.0 0.05 1.E 10V.0 1.
- .0NK IRE C04ISAN AT0 .01 LEVEL . 2.

1.0 I 00 0. 0.C 0.0 .0 0021.

4.0 I 10 1. 0.0 0.0 .0 00 1.

t0~?1 00 1. 0. 0.00.00.0 .0w



TABLE D-4. (Continued)

-CONCORDANCE SU"iMA9Y By ELEMENT EXAMPLE 43ROO- G-3v- 54-X--"vAGGf.LE TE vJUDGE SELF EVAL WUO TNLDIP4ULT v
UdWEISI4TEO SUBLISTS

I 2 3 4 5 6 7-
JUDGE-- - - - - - - - - - - - - - - - - - - -

-*UG-E I I 1. 0 2.0 - 3v-0--4& 0 5,-9-6----- .0----
jUOGE 2 1 4.5 2.5 4.5 2.5 7.0 6... 1.3
JUDGE 3 1 5.0 7.0 1.8 2.5 2.5 4s.5 4*5
JUDGE 4 1 1.0 3.5 5.5 5.5 7.0 3.5 2.0
JUDGE 5 1 %.5 3.0 2.0 1.0 4.5 7.0 6.0

---------- ------------------------------------------
-R-3 7. 18.0 16.0 15.5 26vO -27.o# 29.5-- - - - *------- - -

MEAN 20.00 W14 OF DEVIATIONS SQUARED 134.50

SUM T * 3.50

IENDALLS COEFICIEIt OF CONCORGANCE " .97 S4--a------- .4 N --- -

RANK ORDER NOT C04SISTANT Ar .05 LEVEL. CRITICAL S = 276.?G
RANK OROTP NOT CONSISTANT AT .01 LEVEL. CRITICAL S = 343.80
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TABLE D-4. (Continued)

-CON4CORDANCE SUN'IAY BY ELEMENT EXAMPLE PROS NO 3, SJ X FAtCOMPLETE, JUDGE SELF EVAL (W/O TI4LOI,"ULT
UNI4EIGHTED SUBLISTS

1 2 3 4 5 6
JUDGE ------ ------------------------------

PREF 1 4. sew ±di 2.0 6.ii 3.C 6.0

R(U) 8.9 12.0 2.0 5.0 13.0 5.8 11.0

MEAN 8.00 SUM OF DEVIATIONS SQUARED = 104.00

SUM T = 2.00

KENDALLS COEFICIENT Or CONCORDANCE .963 N= 2 N=7

RANK ORGER coNsisrANT AT .05 LEVEL. CRITICAL S = 97.0
RANK ORGB-t 40t COtSIST*NT AT- .01 LEVE"- CRITICAL S 1 in4------------ ---
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TABLE D-4. (Concluded)

9EA.IPLE PROS NtO 3, 5J X-?A,GOppa-ETEJU0GE SELF EVAL (WO THLO).NULT WTS

PREFERENCE RANK ORDER SUMMARY

ELEMENT INDEX A4K ORDER

RANK *RO2E-rT

1~ P--.j C

2, PR3J 3

5 -PROJE

S PROJ 9
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TABLE D-5

TECHNOLOGY PLANNIG PRIORITIES EXAMPLE PROS NO 4., SJ Y?A, COPPLETE*JUUGE SELF EVAL(40Y. THL'3)..'ULT WTS

forT- -2 m-14PP1 0 tITYP2= t MATR- 2 1L*-NPfT~-- ----- -

INPuT READ IN PROJECTS

-INDEX . EtENT 4A4E WT- -- AT-- ~---- ___ ---

I. PROJ A 2. 0
2 PROJ 8 2.0
3 PROJO C~
14 PR3J 0

- 5- PROJ 1.- - ------ -

6 PROJ F 4. 0
7 PROJ G 1. 0
8 END 0. 0
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t1 3

JJZJIE 3 Jc~'80 0 JUDGE NEIGHT 4 .0 JSE VALUE LIMIT s 1

TTrAL. k~ ALT 7 MR THIS JUDGE 3

3-4 ' *~ 5' 67

17 0 ..8 1.00 .75 10 .51

.JLDCC 3 4 C4 *cl 0 .JUDfE 'ECCOT 2 .0 JSE VALUE L!'EU 10

TOTAL MD0R ALT Mg7t0 THIS JUDGL - 3.

. 0 1.83 1.50 .63 .94
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TABLE__ D-5 (Cotined

iiIG 5- JC -=- 0- JUDG _II'4 _. _S _ _~-L~

TABLE 15 2(Contion6u2d)

21.0 1.0 . .0 1. . . 1.84C

41 0 .0 0.3 9.0) 0.0 0.0 I.0 1.0

1 0.0 0.1 0.13 Jo0 0.0 0.0 1.0
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TABLE D-5. (Continued)

-SUB-LIST SELF EVAt'JATI1 FR-QbENCY MATRIX EXAMPLE PROS NO 4, 5J 97A, i;OMPL7TE,JUOGE SELF EVAL(407. T 0L,0UL

--jua6E t 2 7 ' 6 b 7 = 0 , 0 3. 8

REBUCED MATRIX

PRaJ 1 Z 3 4 5 6 7

t I .,, . 5 U.J C.",.•J ..- zcc 3.4a
--- -- -0.00 0,)0.0. 0 .60 8.00 4*- ----.....

3 I 0.00 0.0" 0.00 0.00 0.00 0.80 0.00
- 1-- 0.00 O.OO 0.0 000 0.00 .60 .60

5 I 0.00 n,0 0.00 0.0 0-08 0.04 C.(;
6 1- 3 -L 0.00 0.03 0.091 0.30 0.0 1.00
7 I 0.00 0.01 0.00 0.00 0.01 0.00 0.00

WEIGHTED SU3-LIST r*EjMNCVv-IATRIX EXAMPLE PROS NO 4, 5J XTAs COMPLETE jIJO.lE SELF EVDL(493. THLqJ)MULT WTS

-- JUDGE I

1ia 2 s.4 5 6 7-
------------------------------

2 1 0.0 0., 0.9 6.4 0.0 6.4 6.4
3 1 0.0 0.i 0.9 0.0 0OB 0.0 0.9
16I 0.0 0.3 9.0 0.0 0.0 2.4 Z.4
5 I 0.0 0.0 0.0- t.C -0.0 0.0- u.la
6 I .- 0.3 0.0 0.0 0.0 8.0 16.0
7 I 0.0 0o0 0.0 0.0 0.0 0.0 coo

233



M _____________ ~ ~- -

TAkBLE D-5. (Continued)

-SOS-LIST fE3J1Ai.' IATPIX f WAVPLE PROS air,. J EVA. COWLCTE.JWG" SEL- EVAL11607 T#h.Cl.*AJT MIS

JDJGZ 6' 5

---J ------- - - -- 5 --- --

*±x .0 0.2 0.0 0.0 0.0 0.0 0.0
8 .0 2.; 0. I .I .c. a ::

3 1 -_.. 5.j 0.0 G.c 4:6 a* oe
4I 0.0 0.0 0.2 6.0 0.0 3.0 0.0

0I:0 a00 0. 3 .0: 0.0 0.: 0 :.0

SSLIS? SEL- ±VlU0TI3,f FRE0UEUCT 'I1tRIX 'EXAMLE PRB vo 4.~ SJ 171, C*-VPEEJU0G-_ SEW~ _vALf.9% ht44o..NVT mTS

"tr.E' 2 f 0' 0: 0' = *a 0

J8z2UCIO -!AT8tIX

pRoJ I z 3 4 5 6 7

-.:;, :.a 3." 3 .36 0.30 1.oo G.cc
K x 00 3.33 6.03 0.80 I.Ge 0.80 0.05

S 1 01.00 0.33 0.03 0.10 0.00 0.30 0.02
4 I 0.80 0.83 0.0323.03 0.51 0.06 0.00
5 2.4- ;.x :.;: .;C tZ 4.2L ;.
s 1 0.83 3.;2 6.02 1.00 1.3 0.00 C.Ce
? 1 3.80 0.0 t.! 0.06 0.23 0.53 8.0c

-uEI&iTED SUS-LIS? 9.!E!UcuCV ,IOTP.IN ExiLPWtE PAM0 kC 4~ . SJ XT. CORPLET.JU0GE SELF EV*&i4al ."'l) *$"AT U75

JUDrl 2

1 .0 0.5 0. .. L .. t C.r L f;
2I .6 0.323.1 0.0 0.0 0.0 0.2

1 .0 0.0 0.0 0.0 6.8 3.0 0.0
9 .0 0.3 0.0 a.0 0.9 0.0 0.0

5 1 9.8 L 0.0 0.09. 0.0 #.1 0.0
4...:. :.-. . 16.. 4.0 8.9

71 05 0.0. .4 0.9 0.8 00
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TABLE D-. (oniud

SU-LS FEQE~vimyEXMPEPRS .. SJXACOPrv~jm SLIEAtc HLI__T t

TABLE D-5 (ContnCed

PROj t 2 3 4 5 7

--------------------------- ----------- -------------------
1 ':a0.0: 1. 0 0.0 0.0 :01 .0

2 1 0.0 0 0. 0 0.0 0. .2
3 1 1.4 1.0 0.0 1.0 1.0 1.0 1.0
4 1 1 0 1.2 0.0 0.0 .5 1.0 1.0

.~-.. 1 1.0 1.0 0.- .5 0.0 1.0 1.0
6 1 1.0 1.0 0.0 0.1 0.0 0.0 .5
7 1 1., 1. ~ ., 0.0 .5 0.0

!-SU3-LIST SEL- EVALUATIONJ FREOUENGY MIATRIX ;_.0AIPLE PROS NO 4, SJ XTA. G0'lPLETE,JUDSE SELF EVALtI..)% THLO).NULT WTS

--JUDGE 3 3 ' 4 4=7'1 2

--R0CSO MATR[IX---

pROJ 1 2 3 4 5 6 7

L I D.0. 1.z 3.c C-5L ..Q. 3.Q0 G.0O.
-2 1 0.00 0.00 0.00 0.00 o.00- 0.00-4.00
3 1 1.00 1.01 3.00 1.00 1.00 1.00 1.00
4 1 1.00 1.00 0.00 0.00 .50 1.00 1.00
3 1 .75 .75 0.1 .O 38 0.00 .75 .75
6 ! L-00 1.01 0.00 0.00 0.00 0.00 .50
7 1 .50 .50 0.00 0.00 0.00 .25 0.00

WEIGHTED SUB-LIST F;EUENCY M1ATRIX ~ EXAMPLE PROS NO 4. 5J k7A, COMPLETEJ.-DrE SELF EVAL440% rNL).KULT I4TS

JUDGE 3

PROJ L 2 3 4 5 6 7

1 1 0.1 32.3 0.^ ... c.j C..! ^.c
2 1 0.0 0.0 0.3 0.0 0.0 0.0 Q.d
3 1 6%.Q0 64.0 0.0 64.0 64.0 64.0 6%.0
4 1 16.0* 16.0 0.0 0.0 4.0 16.0 L6.0
51 L2.0 12.0 0.0 6.0 0.0 12.0 12.0

6 1 64.. 64. 3.3 ..,. . 0.0 32.0
7 6 .0 8.3 0.0 0.0 0.0 4.0 0.0
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TABLE D-5. (Continued)

SUB-LEST F' £0UENCV 40T900 FXt, qPLE P908 4u ,. SJ 97,.. COMPLEOE.JUJOGE£ SELF OVAL,.&0 THLOI.MULT iT'S

JUDGE. 1 > # 6. = ' 3. 
= 

. S •

POOJ 1 2 3 6 6 7

I, I 0.0 1.0 1.3 1.0 1.0 1.0 1.0
2 I 0.0 0. I.! 1. 1.0 :5 .. 0
I I ., . .i 0.2 .5 0. 0 0.0 0.0

I 0.0 0.c ,3 Z.1 1.3 0.0 0.0
1 0.0 0. 3.0 a.0 0.0 0.0 0.0

6 I 0.0 .c 1.3 1.0 1.0 0.0 0.0

I 0.. ,. . . . . . 0.3

SUB -LIST SELF EVALU1TI9N FR.OLE.NCY AITRIX EXAMPLE PROq NO 4, 5J XA, COMPLETE,JUOGE SELF FV41.4OX THLDI.,IULT TS

JUDGE 14 74 64 2 ' 3 4 5

REOUCED MATRIX

PROJ 1 3 , 5 6 7

0: .I ,; °t .6L ° bz , . 6
2 I 0.00 0.02 .51 .50 .50 .25 0.00
3 I 0.00 0.03 0.03 .35 .73 0.00 0.00
4 I 0.00 00. .50 0.00 1.00 0.00 0.00
5 I 0.30 0.03 0.00 0.00 0.00 0.4c 4.0.
6 1 .. CO .3) .61 .60 .60 0.00 0.20

1 1 0.00 .85 .33 .,0 .60 .00 0.00

WEIGHTED SUB-LIST FREQUENCY MATRIX EXAMPLE PROS NC 4, SJ XA, COMPLETE.JUOGE SELF EVAL(4O% THLOI.ULT ITS

JUOG£ 4

PR-3J 1 2 1 ' 5 6--7 --

1 I 0.0 9.5 9.6 9.6 9.b 9.6 9.6
2 I 0.0 0j 8.0 8.0 e.b 3,,o 0.0
3 I 0.0 0.0 0.3 11.2 22.4 9.0 0.0
4 I 0.0 O. 4.0 0.0 8.0 0.0 0.0
; 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 1 -. 9. 19.2 11.2 19.z 3.0 0.0
7 I 0.0 6." 6.. 6., 6.4 6.4 0.0
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I a ~ a 0 - -

0:,- -: :, ::

-Tc

4 1- 10 0

5 0 01 0. -:.

SUB-LIST SEF EVALUTIO fA? ~ 4CYMARI EAPLE PROS NO ~.5J X78. COMPLETE JUDGE SEL EVAL(.0% TLDO.N'LT WTS

JUDGE5 4' 3' 2' 1' 6 0

PRO., 1 3 5 6 7

I I .0g b.5 0.0 .0I 0.00 1.00 1.00
? 1 1.00 0.00 0.00 0.00 0.00 1.00 1.0
3! 10 .6 .0 0..0 .00 .C0 .0
4 1 1.00 1.01 1.00 0.00 0.00 1.00 1.00

6 1 0.00 0.0a 0.00 0.0C 0.00 .00 0.00
7 1 0.00 0.0j 0.0 0.C0 0.00 .00 0.00

SUEIT SU13LIS FREQtUETO NCY MATRIX EAMPL PRO NO 4, 5.5 X7A. CO4PLETE,JUGE SELF EVL ('.01 TtD)MLT WS

JUDGES 453 '1 '6

P~3 1 2 3 4 5 6 7

2 .0 0.0 0.0 0.00 0. 1.0 1.0
3 I 8.0 0. 0.0 0.0 0.0 8.0 6.0
3 1 12.0 12.1 1.0 0.0 0.0 1.0 1.0
4 I ~..0 0 4.0 O. 0.. 1.0~ J.t.

-60 0.0 0.1 0.0 0.0 0.0 0.0 0 .0
7 I 0. 0.3 00. 0 0.0 1.0 0.0

21 0.0 0.0 0.0 0.0 0.0 C .0
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-+aG INIFEE EIT

EQI

AO.J BORDA AOJ 8OROA 1 2 3 4 5 6 7
----- - ------- --------------

-53.2 -20.8 1 I 0.0 41.6 9.6 9.6 9.6 17.6 17.6
-16702 -41.8 2 1 8.0 0.0 8.9 14.4 8.0 18.'. L4.4
417.6 104.4 1; 1 76.8 76,8 0.0 75.2 86.4. 7b.6 76.11

---- 22.0 -5.5 4 1 -Z0.0 -2-w-- 8.-0 --GvQ 16.0 22.,. 22.4
-107.6 -25.9 5 I 12.0 12.0 0.0 6.0 0.0 12.0 12.0

97.6 E4..4 6 1 6 4.j 73.6 19.2 19.2 35.2 0.0 45.0
-135.2 -33.5 7 1 8.0 14.4 6.4 6.4 6.4. 14.4 0.0

--03 BO4ROA 3 6 3 4 3 1 -5 3 -- 2
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TABLE 0-5. (Continued)

COMPUTED P~cEFE'N: Mt. ZX I'XAMPLE PRO'n NO 41, 5J X7A, COMPLETE ,JUDGE SE.LF EcV±L(4'. THLC),MULT W4

sum I ? 3 4 5 6 7

1.1.I 2 1.. ..0 0.0 0.0 0.1 1.0

.5 2 1 0.0 j.0 0.0 0.0 0.0 0.0 .5
5.0 3 1 1.0 1.0 9.0 1.0 1.0 1.0 1.0
5.0 4 1 1.3 1.0 0.Ll2 0.0 1.0 1.0 1.0

4.6 6 1 1.3 1.0 3.0 0.0 1.0 0.0 1.G
.5 7 1 0.0 .5 0.0 0.0 0.0 0.0 0.0

PREF 3 )-4) 6~ >~ I 2 = 7

1UP43ER oz FRA:TIO'4AL SP4S= 2

LOWER N= 7 KENDALL 0 0.30 ZETZ = 1.0000 PROB THAT PANIC OQDER NOT CONSTSTANT =0.0000C

RA*4K ORDER CD0dSISTA.4T AT ..5 LEVEL
RANK ORDER COiSISTA4T AT .01 LEVEL

UPER N: 7 KENDALL 0 0.00 ZETA= 1.0080 -- "00B THAT RANK ORDER NOT CONSISTANT= 0.6000(

RANK ORDER COIJSISTA4T Af .05 LEVEL
RANK ORDER CO'iSISTAtJT AT .01 LEVEL.

AVERSE i: 7 KENDALL 0 =0.00 ZETA = 1.0000 PROR THAT RANK ORDER NOT CONSISTANT = 0.0000(

RANK ORDE. CO'1SISTANIT AT .05 LEVEL
RANK -ORDER CO*;SISTArIT AT Zl1 LEVEL
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FS&A

TAI -5 -oniud

JUDGE ZT1A5. =..-5.. 5..nt-il..e5.

JDE3 1 6. 3. t. 2 5 2. 6. .

JUDGE 4 1 1.0 3.5 i.5 5.5 7.0 3.5 2.0
JUDGE 5 1 %.0 3.0 2.0 1.6 7.0 6.0 5.0

------------- ------------------------------------------
22.0f M 13.5 19.5 16.0 24.5 lo.0 20.5

2tk 0. 00 S'J' OF OEwIATICNS SQUAPEC -5.00

SU'4 T 14.00

KENDALLS ;O=-Fr,.rz-T or IONCORGANCE .-C71 -14 5 N 7

RANK( ORDER NOI C0DNSISTANT AT .05 LEVEL. CPITICAL S = 276.20
RANK ORDER NOT COISISTAIT AT .. LEVEL. CRITICAL S 343.10
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TABLE D-5. (Continued)

CONCORDAN4CE SUN'lARY BY ELEMENT EXAM4PLE PROS NO 4# 5J XTA9 COMPLETEJUOGE SELF EV3L (40%. T14L0),NUL T
UNNEIGHTED SUBLISTS

1 3 4 5 6 7

AaJ 62DD 1 4.0 7.0 1.0 3.0 5.0 2.0 1500
PREF 1 5.0 ~.5 1.0 2.0 4.0 3.0 6.5

MEAN 3. 00 SU4 OF DEVIATIONS SQUARED = 106.50

SUM T .50

KENOALLS COEFICIE'4 OF CONCORDANC:: *959 N 2 N =7

qANK ORDER COISTSTA4lT AT .C5 LEVEL. CRITICAL S 97.00

RANK ORDER C041SISTANT AT .01 LEVEL. CRITICAL S =104vt
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TABLE D-5. (Concluded)

EXAMPLE PROS 40 %, 5J X7A, COP4PLETEtJUDGE SELF EVAL 4..% TALI) .1UL T 1013

PREFEPENCE RANKC ORDER SUIMAPY

ELEM1ENT IUDEX :AUdI 9DER
) 4) 5) 5) >1 2= 7

RANK( DOJECT

I P;?0O 1

2 P13J :3

4 P~:3jj

5 POOJ A

6 PRIJ q

6 P~OJ G
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-TEf-HNOLOGY PLAN141-1r D-!f)DITIES EXAlPLE ;*J '13 z =J 1YA CO'MPLETE/W REQUIRE'IENTS TRANJSLATION

-twtt= 8 ?iPTYPI= 3 14PTYP2= 0 tIATR= 0 THtAO=0.63 NpqIkT= *

INPUT READ IN PROJETS

-INOEX ELE'9EWr Wa' T CAT

1 PEs -01 0. 0
2 DES -02 0. 0
3 PES -03 0.

FES -04. 0.
5 PES -D5 0.
6 PES -06 0. 0
7 PES -07 0. a

- fi L. a
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A --42

Y -

TAL D-.(oniud

PR34 JXA OPEEHIqIEET-TfSAll--

JUG Iq UG EGH - S AU II

-4JUDGE 2 JCOMV 3 JUDGE WEIGHT 0 JSE -VALUE LlIT = 0

-VTAL_ N9Q ALT 4# tR THIS JUDGE 1

JUDGE 3 JcOvV u 0 JUDGE WEIGHT 6 .0 JSE VALUE LIMIT a

TOTAL N8q ALT N -R THIS JUDGE 3 --- ---- - - -

JUDGE 3 JCO"fV 0 JUDGE HEIGHT 0*0 .t JSE VALUE LlIIT 09

TOTAL-WOR ALT ? N R THIS JUDGE = 3

1 7'5 2 3 3 4 3f INPUT READ IN REQJIREMEN
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TABLE D-6. (Continued)

-- ItDEN---- ELE!4ENT MA~fE WT - CAF---- - - -

-I - RO.---- -R2* o ----- 0- -___-- -- --
2 R301. 0. 0

- i--- 9~.G-~ - -- - 0--- 9
4. R392. DOE2 0. 0

6 R306. 0.

S R4.L1. UJ8 0.

10 9R401.00H 0.0
0--- - -*,01.00I -e-.----- 0 --

12 R4:1.IGK 2.

1'. kbqt. 0.0

1 6 R606. 0.z

,--tP-E-PRO8 NO- 5 5J %?-A-C OMLETE/i REI~tJIqEf4T-TNSL-AT--OW----------

JiJ3GE 5 JCO04V 0 JUDGE WEIGHT = 0.0 JSE VALUE LIHIT 0

TOTAL N8q ALT 16 NR THIS JUDGE 5

SUOMIT XS I1 C3FP±-ETE
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TIABLE D-6. (Continued)

INODE LtSf 32 RE1U1RErEhTS AND PROJECTS

101. 0 G,) -55 / 2 alai. PGO -59 / 3 alai. PGC -61 1 4 4142. PGO -41 /
5 ititz. P1.3, _6! / E R:. . . PGO -61 / ? alai. PGO -64 / S qie.. PGO -65 t
i qlol >:3 -65 .0 10 AlCi. PGO -67 1 11 Riot. PGD -65 / 12 Riot. PGO -69

23 101: PE T / 1: RIO!: *so- -F - -f- S__ "at.. 060-60- - f - 16 02911:ir q204 . - , ! c a
: 0;. t 1 rZ13 rEl. 4L . 9 :Wt. PET -53 1 2.' q3 POS I

ZI R3:* -82 / 22 R-81. PES -01 1 is 361. PES -at r Z* Q381. -Es -44.
?5 001. PE-1 -a:; / 26 R301. PES -06 / Z? 9301. PCs _o? I ZS 0301. PES -09
Z9 It3ol. PES -1* 1 3C R341. PES _I? / 31 C331. RES -13 1 3? P301. PES -15
13_ R321. PES -1. / 14 R30i. PET -45 / 35 Q301. PET -4-6 1 36 R301. PET -47__Sr- It 3-. . -. PET -%I I Be 4301. -PfT--%4- t 39 -*Mt- f %4, - R301- - -PEV--52
41 4301. E, -53 42 R301. PGO -5s / 43 R301. PGO -59 1 4.4 Rsol. PGO -60
VS R301. -GI -6- '46 R301. PGO -6z 1 4? 0391. PGO -63 1 4-1 0391. PGO -64-
4) R321. PGI -fiz 1 50 R32i. PGO -66 / 51 Q3.1. PGC -67 / 52 R301. PGO -66

-Is RMI. PGI -69 1 5% 9381. PGO -70 1 55 R391. PGO -71 / 56 *301. OGG -17
;7 ;t3ol, PG; -13 / 50 R301. PGG -19 59 Q30-1. PGG -?a / 61 R301. OGG -?I
61 R341-w- - 0 GS -ZZ I 6Z R301. PGG Z -65--0391. -Q3#l. - -P"-?6
S5 R381. PGr -ZF 6e R331. PGG -28 67 Q33z. PGG -29 1 66 R301. PGG -38
69-- *321. PG; -31 ?a *361. PGG -32 1 71 4391. -9166 -33 1 7Z R381. P" -34
TS Ual. PG; -3S 74 R301. PGG -37 f 75 U01. Poo -34 1 76 R331. PGG -39

-??-*301. P07 -%0 703 P381. PGG -.1 1 79 *351. P66 -4,Z 1 40 R311. PGG -43
st RM. PGS -44. aZ R3.i. PKP -83 as MI. PKP -84 1 a4 q3sl. PKp -as

-96 at R391- PKP PeS--ft- - -F -49 4MMOE2 POS -To- -- f-
33 R30Z.O0E2 PES -05 90 R302.00EZ PES -87 91 43OZ.ODEZ PES -12 / 92 Q3O?.4tE2 DES -16 f

-W-RSIMIEZ PC4 -25 / 54 R382.OIE2 Poll. -27 f " *322.10ft-P61C -33 1 96 Q32r.89E2 PGG -36 1
4F Q3j3. PET -0 / 98 R323. Poo; -32 / 99 RX 4. . PES -99 4 111 R384. PWP -03 1

-1W-1325itIc POS -?I t 102 R38S.48F PES -25 / 193 *305-.W PES--IT f t9% IR39S.11f PES -09
105 R305.90: PES -13 186 R305.CDF PKP -67 1 197 Q325.80F MEP -90 / 118 R345.99F PrP -92
III If' -1pc. -93 PES-eft p1cp ?-- 3F Ito M -f
Its RUT. PV -91 ' .146 RUT. PKP -93 / IIS W3337. PXF -95 1 116 q318.881 PES -16 J

PICS -25 118 R310.912 PGG -27 --1 PGG -33 t IM *U0.861 PGG -34 1
It 4310.009 PE; -1:6 122 9310.04K P" -PS I t7I 0313-acc PGG -77 , I 7i. Qtfa.aec Orr _vq

-its- Itsta."K-M, -39 1 126 *313.ttik Pf"G-56 -1 Itr 4 - M PES -84
129 R4;1.0 3 PES _:z 139 M I.E 4 0 PES -.4 / 131 ft 14:G PES -OZ 1 132 R441.95G, PES -8-6 1

POV-81- ISW -at --- -$to -
137 R401.20H PE; -05 136 R421.1064 PET -46 1 139 R461.00H PET -47 1 14,3 R1#81.99" PET -48 1

cl--27.17- R4Cl;SO" PET -53 1 1412 R421-ce" PG:D___Sa_ -t-243- IIkk_ R%02.1mm- OGIO -. 0 1
145 Q141.2.4 PG3 -61 / 46 R4 1.68" PGD -62 f Z47 R4;I.9C" PGC -63 1 148 4*81.9814 PGO -64 /

-- M-14IM7; 08" -PG1 -6S / ISO 9401.80" -P=--66 P t -87- -f ISL-R491-tt" -PGO -60 -t
li3 0401.00,t PGI -54 / 154 R401.08H PW -72 155 R401.01" PIGC -71 1 156 R491.48H PGG -14 1

-- IS7- -tolr. to" PGS -28 1 Ise
161 4WI."" PGr -26 1 162 RLi.L;" PGG -29 1 263 0491.80" PGG -32 / 164, R%01.08H PGG -34 1

P ol -35 / 166 R141i.118H ftt- -Sr f
163 R401.94,1 PSS -161 , 170 R411.38" Poo -42 .1 ;71 9491.18" OGG -43 1 172 R491.96" PGG -46 1

-- M *tilt.$!, PRO -a%- f 274 1F9 RMoUl" - -_ - I
IT? q4iL.J31 PEF -;Z I ITS Z401.111 PES -8 / 179 R401.94K PES -42 1 111 R481.40K P i's -i; .
151 Vill.00V PET -82 1 162 R401.619 PES -04 1 193 0492. PET -50 1 164 10014. PDS -72 1
165 R444. PGG -Zl 166 R.24.. Poo, -Zfi 167 R40M. P49 -29 Ise of0#- PGG -31. 1
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TABLE D-6. (Continaed)

-189 0404.. PG3 -35 / 9G R404. PGG -40 / 19i 44!4m PGG -42 / 192 R1.04. PGG -44 #
193 R4L.5. P_4G-55 / 19. R405. PEHG-57 / 195 R601. P0O -81 / 196 R601. POS -82 I
-137 601. PES -03 / 198 R601. PES -08 f 199 Q601. PGG -?3 f 200 .601. ,.G -2.
201 R601. PK' -86 / 202 R601. PKP -9,4 / 203 62. POE -75 / 204 R602. PUS -76 I
-29i 4602. PaS -7? / 206 -R60-2. PS- zi 2t;7 -2v , -PES -08- -/-08--- - . P-S -9
2.9 R602O PET -5'. / 210 R603. PGD -58 2 211 R603. PG0 -59 1 Z1 R603. PGO -60 /
2t3 R603. PG3 -61 / 214 R603. PG-3 -62 / 215 R633. PGO -63 1 216 q603 PGO -64 I
217 R603. PGO -65 / 218 R603. PGO -66 I 21'1 R603. PGO -6? / 220 R603. PGO -68 I
-221 R603. PG) -69 / 222 R6u$. PG0 - 7 i Z23 p673. PG0 -71 / 224 R604. PaS -75
225 R604. PaS -7. / 226 R604. Pas -o0 I 227 Q604.. PES -03 / 228 R604,. P-S -14 /

*22-- -R604.-- __PG.; -23 / 30--,R684. PGG -31 -i-I- 6 6 --- --PES---86 1-232 -"6#6. PES -07 i
233 R606. PE3 -14 / 23, R607. PENG-56 / 235 Q607. PET -5e / 236 Q609- DENG-56 /
23? R609. PE3 -09 / 238 R659, PES -Ii / 239 -W69, PET -49 / 243 R609. PET -94 /
241 R603. PK2 -83 / 242 R609. PKP -84 / 2'3 R609, PCP -85 / 244 R609. PKP -92 #
245 R610. PE" -50 / 246 R612, PGG -31 f 24? R612, PGG -41 / 248 R612. PGG -1.3 /
243 R615. PK) -611 / 25C R616. PKP -94 / 251 F701.4 PGO -58 / 252 P602. PGf -59 I
253 R361. PK3 -9; -- / 254 R301. PGS--55- - -I-- - ---- -

PE4UIR.ENE4TS 13 PROJE:TS TRANSLATION

4 3 2 1 5 72
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6~AL 1-6 0.Continued.)1.

3I .0 0.0 0.9 0.0 1.0 1.0 10
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TABLE D-6. (Continued)

-SUB-LIST FREUEP.Y .4ATRIX EXAMPLE PROB No 5 5J Y7A, COMPLETE/w REQUIREMENTS TRANSLATIGN

-JUDGE2 7 1 2 2 4> 3- 1 6 > 5

tP4- 2 3 4-5 6 7
------------------------------------------

.I o. .. .5 0.0 1.0 1o 0.0
2 I 1.0 0.0 1.0 .5 Lo 2.0 0.0

---3 1- .5 0.0 0.0 0.0 1.0 .o 0.0
4 I 1o0 .5 t.o O.G 1.0 1.0 0.0

6 1 0.0 0.3 0.0 0.0 1.0 0.0 0.0
- -7 I te0 1.0 1.0 1. 1.0 1.0 0a0
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TABLE D-6. (Continued)

ITION SUB-LIST FRE2UENCY MAfTRIX EXAffPtE- PR08 NO 5 5J X7Av COHPLETE/W REQuIREMENTS TRANSLATION

-JUOGE 3 3 3,4= 5~ 6~ T 1~ 2

2 1 0 .0 0.0 0.0 0.0 0.0 0.0 0.00
3 1 1.0 1.0 0.0D 1.0 1.0 1.10- t~
4 1 1.0 1.0 0.0 0.0 .5 1.0 1.0

6 1 1.0 1.0 0.0 0.0 0.0 0.0 .5
7 1 1.0 1.0 0 0 0 0.0 45- -ti-f- ---
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TABLE D:-6. (Continued)

" SUO-t-"HT-FRE2U M-N Y MATRIX EXA P L.E RO 9 NG 5 SJ X A -COHGPLETEt#W EQUIqEENTS TPANSLATION

jU6 4- 1 3. , 6= 2) 3= 4 5

-J ![------------------ ---------- - ----

000 1. 1.0 -,,0 L.0 1.0 ---4,0
2 1 0.0 O~c t.0 1,.0 1*0 ,.5 0.0- -- - .0 0.0 0.0 ,5 too- 0o0 -60 0 -..

4 0.0 0*3 .5 Doc 1.0 0.0 0.0
S. -,5-- -"------" --- 4- li -- 64--- 0-

6 1 0.0 .5 1.0 100 1.0 0.0 000
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TABLE D-6. (Continued)

-SUB-LIST FREVUENCY KATRIX EXANPLE-P*09 NO 3 5J YTl*,-COMPLETElw REQUIREMENTS TRANSLATICN

--JUJGE -5 i = 3 oZ > 1- 5= 7' 6

PRO- --- - 2--- -3- ------ 5- -- ?-_ _ _

- I1 2oa 0. 30 0.0 .5 I-0 . ..
2 I 1.0 0.0 000 0.0 1.0 1.0 1.0

---- I 1.0 1.0 0.0 .5 1.0 1.0 1,0
I4 I 1.0 1 0 ., 0.0 1.0 1.0 1.0-- - --- ,.- -- 0- .-- ..i - - O-- - -- 8-- - - -0t -- -, 5--

6 1 0.0 0. 0.0 0.0 0.0 0.0 0.0
Dc - 0 0.-0 0.0 .5 1.0 O.. .
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----- --------- - - -- ------ -------- - --

900~~ 3 -30 50 # . -

5 .0- 4-- 0.1 3.0 2.5 2.0 0. 3.5 4.0 2.5

3. 0 -- 5--I i .5 wo --- 0 a a .5 0.0 3.0 -2.5-
-1* 6 1 1.3 1.5 1.: i.0 2.0 C.C 1.5

?--~-- 7-1-- 2.5 1-.0- - 0 2.0 2.5 3.5 0.0-

ADJT ORDA 3 2. 7( 5t 6
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TABLE D-6. (Continued)

CON-PUTED PREFEREN- E PATOIX EXAMIPLE PROS NO 5 5Ji XTAl COPIPLETE/W REQUIREMENTS TR44SLATION

SUN 1 2 3 4 5 6 7

4.0 £ -1 0.0 1.0 .5 U.0 1.0 1.-& .5
3.5 2 1 0.0 9.0 1.0 .5 1.0 1.0 0.0
4..5 3 1 .5 0.0 0.0 1.0 1.0 1.0 1.0
4.5 +1 1.0 .5 0.0 0.0 1.0 !.a 1.0
1.5 5 1 0.1 0.0 0.0 0.0 0.0 1.0 .5

.. 6 1 J.. .'.j t.z C - 0 0.0 0.
3.0 7 1 .3 1.0 0.0 0.0 .5 1.0 0.0

P .EF 3 3 1 2 20 7 >, 6

NJM9ER OF FRACTIO4AL SU4S=

LOWER N= 7 <'NOALL 0 = 4.00 ZETA = .7143 PROS THAT RANK OROEQ '4OT CONSISTANT = .0333571t

RANK ORDER CO'JSTSTANT AT .05 LEVEL
RANK ORDER NOT CO,.SISTA-4T AT .=i LEVEL

U'z£R N= 7 KENDALL 0 = 6.00 ZETA = .5714 PRO THAT RANK OROR NOT rONSISTANT z .1-268254

RNK 3RDE. N3T COJSTST".-. AT .05 LEVEL
RANK ORDER NOT C3ISISTANT AT fli LEVEL

AVERAG- N= I <KNOALL 0 5.00 ZETA = .6429 PROS THAT RANK ORDFP NOT CONSISTANT .0690465?

.RANK ORDER NOT CO.SSTANT AT .05 LEVEL
RANK ORD-R NOT CO'SISTANT AT *01 LEVEL
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TABLE D-6. (Continued)

-CONCORDANCE SU4MHA-Y 4Y .LEMt.NT EXAM'PLE P-O01 140 5 5J X74 , CO"PL:'LTE:/W R.3 "' T-R-I'SL'TI9k,

JNWEIGHTE D SU31LIST3
? 3 4 5 7

JU G - -- - - - -- - - ---- -- -- - -- -- -

JUDG

A -. 3RDj 1 -3&0 4&0 2,G 6.u 7.. ,.,
PREF 1 3.0 &&. t.5 1.5 6.0 7.0 5.0-U G -~ --- - - - - - - - - - - - - - - - - - - -

R(J) 6.1, 5.0 2.5 3.5 12.0 14.0 10.0

MEAN 8.00 9J4 OF DEVIATIONS SQUARED : :I-5.

SUN T ,50

KENDALLS COEFICIE'T OF: ONCORDANCE = .995 4 2 N 7

RANK 3RDER COISISTANT AT .*5 LEVEL. CRITICAL S 97.00
RAP'. ... R- -- GWS -4--T w-04 L -WL, CRITICAL S 84 -
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TABLE D-6. (Concluded)

EXAMPLE PROB NO 5 5J XTA, COKPLETE/t REQUIREMENTS TRANSLATION

PREFERENCE RANK ORDER SUNARY

ELEMENT I'40EX RANK ORDER

RANK PROJECr

-I -...PES -03 .... .... .

? PS -O

. . ... - PE.S -O -- . .. . .. ... . . ...... .. ..

3 PES -02

- - PES "0 07....

5 P S -,5

........ - -PES "06
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